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STATUS OF CLAIMS , 

Claims 1-27, 29, 30, 32-52, 54-67, and 69-82 are pending in this case. Claims 44- 
46 and 59 have been withdrawn; claims 28, 31, 53, and 68 have been cancelled; and 
claims 1-27, 29, 30, 32-43, 47-52 54-58, 60-67 and 69-82 have been finally rejected. 
Applicants are appealing the Examiner's final rejection of claims 1-27, 29, 30, 32-43, 47- 
52, 54-58, 60-67, and 69-82. A copy of the appealed claims is provided in the Claims 
Appendix near the end of this document. 

STATUS OF AMENDMENTS . 

Applicants have made no amendments to the claims since the May 7, 2007 Final 
Office Action. In response to the Final Office Action, Applicants filed their Notice of 
Appeal on August 7, 2007, without further amendment. 

S UMM ARY O F CLAIMED SU B t TE CT M AT TER t 

The subject matter defined in independent claim 1 finds support in both the 
specification and the drawings. The device for applying a pulsating pressure to a local 
region of the body finds support, for example, at page 30, hues 1-11 and in Figure 1 as 
reference number 3. The pressure chamber in to which a limb of the body can be placed 
to seal it from external conditions finds support, for example, at page 30, hues 2-4 and 
in Figure 1 as reference number 4. Immersing a limb in a liquid contained in the 
pressure chamber such that the liquid surrounds and is in contact with the limb finds 
support, for example, at page 30, lines 8-9 and generally in Figure 1. An element for 
generating pulses of negative pressure within the chamber that can be transmitted to the 
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limb directly via the liquid finds support, for example, at page 7, lines 7-9 and generally 
in Figure 1. The element being adapted to generate negative pressure for between 1 and 
20 seconds and to release negative pressure for between 2 and 15 seconds finds support, 
for example, at page 10, lines 1-12. 

The subject matter defined in independent claim 25 finds support in both the 
specification and the drawings. The method of applying a pulsating pressure to a local 
region of the body finds support, for example, at page 6, hues 13-20 and generally in 
Figure 1. Providing a pressure chamber finds support, for example, at page 6, lines 13- 
20 and generally in Figure 1. Introducing a limb in to the pressure chamber such that it 
is sealed from external conditions finds support, for example, at page 6, hues 13-20 and 
generally in Figure 1. Filling or partially filling the pressure chamber with a liquid to 
immerse the hmb in the hquid so that it is substantially surrounded by and in contact 
with the liquid finds support, for example, at page 6, lines 13-20 and generally in Figure 
1. Generating a pulsating negative pressure within the chamber and transmitting the 
pulses of negative pressure to the limb directly via the hquid finds support, for example, 
at page 6, hues 13-20 and generally in Figure 1. Each pulse of negative pressure being 
generated for between 1 and 20 seconds and released for between 2 and 15 seconds finds 
support, for example, at page 10, hues 1-12. 

The subject matter defined in independent claim 47 finds support in both the 
specification and the drawings. The device for applying a pulsating pressure to an area 
of skin on a limb of a body finds support, for example, at page 27, line 22 through page 
28 line 5 in Figure 9 as reference number 3. The pressure chamber into which the limb 
can be inserted finds support, for example, at page 34, lines 6-16 and in Figure 9 as 
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reference number 4. The barrier layer of flexible material housed within that chamber 
for form-fitted engagement against the skin finds support, for example, at page 34, lines 
6-16 and in Figure 9 as reference number 37. The barrier layer defining an inner region 
within the pressure chamber for receiving the limb which is separated fi'om an outer 
region having a flow of hquid within the chamber finds support, for example, at page 34, 
lines 6-16 and generally in Figure 9. The device including an element or means for 
generating a pulsating negative pressure within the pressure chamber finds support, for 
example, at page 34, lines 6-16 and generally in Figure 9. The device including an 
element or means for generating a negative pressure between the barrier layer and the 
area of skin to maintain the barrier layer in contact with the area of skin finds support, 
for example, at page 34, lines 6-16 and generally in Figure 9. The element or means for 
generating negative pressure being in communication with the inner region but not with 
the outer region finds support, for example, at page 34, hues 6-16 and generally in 
Figure 9. 

The subject matter defined in independent claim 48 finds support in both the 
specification and the drawings. The method of treating hypothermia in a human body 
by applying a pulsating pressure to a local region of that body finds support, for 
example, at page 13, line 20 through page 14, hne 7 and generally in Figure 1. Providing 
a pressure chamber finds support, for example, at page 13, line 20 through page 14, line 
7 and generally in Figure 1. Introducing a limb in to the pressure chamber such that it is 
sealed from external conditions finds support, for example, at page 13, line 20 through 
page 14, line 7 and generally in Figure 1. Filling or partially filhng the pressure chamber 
with a hquid to immerse the limb in the liquid so that it is substantially surrounded by 
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and in contact with the hquid finds support, for example, at page 13, line 20 through 
page 14, line 7 and generally in Figure 1. Circulating the liquid via a heat exchanger unit 
to heat the hquid to a temperature of 40^C or above finds support, for example, at page 
24, lines 21-22. Generating pulses of negative pressure within the chamber of between - 
20 mmHg and -80 mmHg (-2.7 kPa and -10.7 kPa) finds support, for example, at page 
20, lines 3-10. Each pulse of negative pressure being generated for between 1 and 20 
seconds and released for an interval of between 2 and 15 seconds finds support, for 
example, at page 13, line 20 through page 14, line 7. The pulses of negative pressure and 
thermal energy in the hquid being transmitted simultaneously to the limb of the patient 
via the direct contact with the liquid finds support, for example, at page 11, lines 1-5. 

The subject matter defined in independent claim 50 finds support in both the 
specification and the drawings. The method of treating hyperthermia in a human body 
by applying a pulsating pressure to a local region of that body finds support, for 
example, at page 38, hne 17. Providing a pressure chamber finds support, for example, 
at page 13, line 20 through page 14, line 7 and generally in Figure 1. Introducing a limb 
into the pressure chamber such that it is sealed fi-om external conditions finds support, 
for example, at page 13, line 20 through page 14, line 7 and generally in Figure 1. Filling 
or partially filling the pressure chamber with a liquid to immerse the limb in the liquid 
so that it is substantially surrounded by and in contact with the liquid finds support, for 
example, at page 13, line 20 through page 14, hne 7 and generally in Figure 1. 
Circulating the liquid via a heat exchanger unit to cool the liquid to a temperature of 
30^C or less finds support, for example, at page 24, hues 23-24. Generating pulses of 
negative pressure within the chamber of between -20 mmHg and -80 mmHg (-2.7 kPa 
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and -10.7 kPa) finds support, for example, at page 20, lines 3-10. Each pulse of negative 
pressure being generated for between 1 and 20 seconds and released for an interval of 
between 2 and 15 seconds finds support, for example, at page 13, line 20 through page 
14, line 7. The pulses of negative pressure and thermal energy in the liquid being 
transmitted simultaneously to the hmb of the patient via the direct contact with the 
liquid finds support, for example, at page 11, lines 1-5. 

The subject matter defined in independent claim 52 finds support in both the 
specification and the drawings. The method of increasing blood flow to a local region of 
the body finds support, for example, at page 6, lines 13-21 and generally in Figure 1. 
Providing a pressure chamber finds support, for example, at page 6, hues 13-21 and 
generally in Figure 1. Introducing the local region of the body into the pressure chamber 
such that the local region is sealed from external conditions finds support, for example, 
at page 6, lines 13-21 and generally in Figure 1. Introducing liquid into the pressure 
chamber so that the local region of the body is substantially surrounded by and in direct 
contact with the liquid finds support, for example, at page 6, lines 13-21 and generally in 
Figure 1. Alternately generating negative pressure for a predetermined time interval of 1 
to 20 seconds and releasing negative pressure for a predetermined time interval of 2 to 
15 seconds within the chamber finds support, for example, at page 12, lines 1-10. The 
negative pressure being transmitted to the local region through direct contact with the 
hquid finds support, for example, at page 6, lines 7-12. 

The subject matter defined in independent claim 61 finds support in both the 
specification and the drawings. The method of applying a pulsating negative pressure to 
a local region of the body finds support, for example, at page 12, line 24 through page 13, 
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line 8 and generally in Figure i. Providing a pressure chamber containing a gas finds 
support, for example, at page 12, line 24 through page 13, line 8 and generally in Figure 
1. Introducing a limb into the pressure chamber such that the limb is sealed from 
external conditions finds support, for example, at page 12, line 24 through page 13, line 
8 and generally in Figure 1. Partially fiUing the pressure chamber with a liquid so that 
the limb is substantially surrounded by and in direct contact with the liquid while 
leaving a gas pocket above the hquid in an upper region of the chamber finds support, 
for example, at page 12, line 24 through page 13, line 8 and generally in Figure 1. 
Continuously supplying a constant negative pressure into the gas pocket finds support, 
for example, at page 12, line 24 through page 13, line 8 and generally in Figure 1. 
Introducing a positive pressure into the gas pocket for between 2 and 15 seconds to 
temporarily release negative pressure within the chamber and to temporarily produce a 
net positive pressure in the gas pocket finds support, for example, at page 12, line 24 
through page 13, line 8 and generally in Figure 1 and at page 12, lines 3-7. 

The subject matter defined in independent claim 62 finds support in both the 
specification and the drawings. The method of transferring thermal energy to and from 
a body finds support, for example, at page 13, lines 9-20 and generally in Figure 1. 
Providing an enclosure finds support, for example, at page 13, lines 9-20 and generally 
in Figure 1. Introducing a limb into the enclosure such that the limb is sealed from 
external conditions finds support, for example, at page 13, hues 9-20 and generally in 
Figure 1. Introducing thermal exchange liquid into the chamber so that the limb is 
completely surrounded by and in direct contact with the hquid finds support, for 
example, at page 13, lines 9-20 and generally in Figure 1. The introduced thermal 

Appellant's Brief 
Serial No.: 10/749,150 
Page 7 



exchange liquid having a predetermined temperature different than the core body 
temperature finds support, for example, at page 13, lines 9-20. Circulating the 
introduced thermal exchange hquid around the surfaces of the limb, the liquid 
transmitting heat to or from the limb finds support, for example, at page 13, lines 9-20 
and generally in Figure 1. Generating a pulsating negative pressure within the enclosure 
finds support, for example, at page 13, lines 9-20 and generally in Figure 1. The 
pulsating negative pressure being transmitted to the limb through direct contact with 
the thermal exchange liquid finds support, for example, at page 13, lines 9-20 and 
generally in Figure 1. Generating pulsating negative pressure including alternately 
generating negative pressure for between 1 and 20 seconds and releasing negative 
pressure for between 2 and 15 seconds finds support, for example, at page 12, lines 1-10. 

GROUND S F O R REJECTION T O BE REVIEWED O N APPEAL. 

Claims 1, 25, 29-30, 32-33, 52, 54, 62, 64-65, and 69-76 stand rejected under 35 
U.S.C. § 102(b) as anticipated by or, in the alternative, under 35 U.S.C. § 103(a) as 
obvious over U.S. Patent No. 3,292,613 to MacLeod ("MacLeod")- 

Claims 9-10 and 38 stand rejected under 35 U.S.C. § 103(a) as obvious over 
MacLeod in view of U.S. Patent No. 3,094,983. 

Claims 17-18, 26-27, 35, 48-51, 55-56, 66-67, and 79-82 stand rejected under 35 
U.S.C. § 103(a) as obvious over MacLeod in view of U.S. Patent No. 5,683,438 to Grahn 
("Grahn") and U.S. Patent No. 3.878,839 to Norton et al. ("Norton"). 
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Claims 19-24 and 43 stand rejected under 35 U.S.C. § 103(a) as obvious over 
MacLeod in view of Grahn and Norton and further in view of U.S. Patent No. 3,896,794 
to McGarath and U.S. Patent No. 4,186,732 to Christoffel. 

Claims 39-42 stand rejected under 35 U.S.C. § 103 as obvious over MacLeod in 
view of U.S. Patent No. 3,094,983 and further in view of Grahn. 

Claims 47 and 61 stand rejected under 35 U.S.C. § 102(b) as anticipated by 
Norton. 

Copies of each of the above-identified references are attached in the Evidence 
Appendix near the end of this document. 



ARGUMENT. 

A. The Board Should Reverse the Final Office Action's Rejection of Claims 
1, 25, 29-30, 32-33, 52, 54, 62, 64-65, and 69-76 Because MacLeod Does 
Not Anticipate Them Under 35 U.S.C. § 102(b) or Render Them Obvious 
Under 35 U.S.C. § 103(a). 

I. MacLeod Does not Disclose the Negative Pressure Pulses of 

Specific Duration Recited in Independent Claims 1, 25, 52, and 62. 

Applicants respectfully submit that the Final Office Action errs in asserting that 
MacLeod discloses negative pressure pulses of specific duration as recited in 
independent claims 1, 25, 52, and 62. The relevant limitations in those claims are as 
follows: 

• claim 1 - "wherein an element is provided to generate pulses of 
negative pressure within the chamber that can be transmitted to 
the limb directly via the liquid, the element being adapted to 

generate negative pressure for between 1 and 20 seconds and to 
release negative pressure for between 2 and 15 seconds'' 

• claim 25 - "generating a pulsating negative pressure within the 
chamber and transmitting the pulses of negative pressure to the 
limb directly via the liquid, wherein each pulse of negative 
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pressure is generated for between i and 20 seconds and released 

for between 2 and 15 seconds" 

• claim 52 - "alternately generating negative pressure for a 
predetermined time interval of 1 to 20 seconds and releasing 
negative pressure for a predetermined time interval of 2 to 15 
seconds within the chamber, the negative pressure being 
transmitted to the local region through direct contact with the 
hquid" 

• claim 62 - "generating a pulsating negative pressure within the 
enclosure, the pulsating negative pressure being transmitted to 
the hmb through direct contact with the thermal exchange 
liquid, wherein generating pulsating negative pressure includes 
alternately generating negative pressure for between 1 and 20 
seconds and releasing negative pressure for between 2 and 15 
seconds'' 

As can be seen, each claim recites pressure generation for between 1 and 20 seconds and 
pressure release for between 2 and 15 seconds. Thus, the shortest claimed negative 
pressure pulse is 3 seconds (1 second generation and 2 seconds release). 

The Final Office Action rejects all of these independent claims based on 
MacLeod. With respect to the claimed pressure pulse durations, the Final Office Action 
states only, 

"MacLeod ( 3,292,613) teaches that ' the pressure can be 
synchronized to the heart beat or can be applied less or more 
frequenly [sic] and in regular multiples of a heart beat , for 

example, during every second or third heart beat , or the 

pressure can be applied irregularly with respect to the heartbeat.' ( 
column 5, lines 9-20). Therefore, the device of Macleod is capable 
of providing the recited pressures . Note that the rate of the 
heartbeat is different from one person to another. While the rate of 
the heartbeat of one person might be about every second or more, 
note that the rate of the heartbeat of another person (for example, a 
person who is sleeping , or in a state of relaxation, or in a 
meditation state , etc.) might be much longer than one second." 

(Final Office Action at 4.) Applicants agree that MacLeod teaches synchronizing 
pressure pulses with a patient's heartbeat. However, parting ways with the Final Office 
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Action, Applicants conclude that MacLeod's pressure pulses are significantly shorter 
than those of independent claims 25, 52, and 62. 

For a device that synchronizes pressure pulses with a patient's heartbeat to 
produce a 3-second pressure pulse, the patient's heart rate would have to be 20 beats 
per minute. Such a heart rate is pathological and would require urgent care or risk 
death. Even an Olympic athlete has a heart rate around 40 beats per minute when 
sleeping, which is double what would be required for the MacLeod device to produce a 
3-second pressure pulse. Accordingly, Applicants submit that it is unreasonable to read 
MacLeod as referring to a patient with a heart rate of 20 beats per minute. Rather, a 
reasonable reading of MacLeod assumes a heart rate of a normal person— along the lines 
of 60 beats per minute. Based on this reading, MacLeod teaches pressure pulses that 
last roughly one second, which is significantly shorter than each of the claimed ranges. 
Accordingly, Apphcants respectfully submit that the Final Office Action's rejection of 
independent claims 1, 25, 52, and 62 based on MacLeod is improper. 

Moreover, the specification of the present apphcation describes several 

advantages over systems like that of MacLeod, which produce pressure pulses 

synchronized to a patient's heartbeat. For example, page 21 (hues 15-I7)states, 

"In a number of earlier known systems in which an oscillating 
pressure was apphed to a patient, it was thought best to vary 
pressure in time with the heart beat. The present inventors have 
found that a longer period to the oscillation is better." 

Additionally, the following portions of the specification describe how longer pressure 
pulses produce remarkable increases in blood velocity without constricting the diameter 
of the blood vessels: 

• "[I]t has been found that a preferred embodiment can improve 
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blood velocity by up to at least 30% in the brachial artery." 
(Page 15, lines 9-10.) 

• "In experiments, an average of at least 50% increase in blood 
velocity and an increase of 200% in a single subject have been 
witnessed. By pulsating the pressure, it is believed to facilitate 
the immediate and repeated increase of blood velocity without 
inducing a reflex constriction as a result of the venus pooling." 
(Page 15, lines 10-14.) 

• "Figure 4 shows a detailed one minute recording. The negative 
pressure is built up for 10 seconds and released for 7 seconds 
(upper panel). The blood velocity in the brachial artery is 
measured outside the pressure chamber 4. The blood velocity 
increases to a certain point, about -25 mmHg (-3.4 kPa), before 
it drops. This is thought to be due to a reflex constriction of the 
arteries because of the venus poohng. Letting the pressure drop 
again, facilitates the immediate and repeated increase of blood 
velocity without the reflex restricting the blood flow as can 
happen with a constant negative pressure." (Page 31, line 21 
through page 32, line 2.) 

The test trial discussed on pages 36-38 of the specification cites even more advantages 
provided by embodiments of the present invention. Accordingly, because Apphcants 
submit that the present invention is patentable over MacLeod, Applicants respectfully 
urge the Board to reverse the Final Office Action's rejection of claims 1, 25, 52, and 62, 



along with all claims depending therefrom. 



2. MacLeod Does not Disclose the Negative Pressure Pulses of Even 
More Specific Duration Recited in Dependent Claims 29-30^ 3^-339 
54^ 64-65, and 69-76. 

Applicants likewise submit that the Final Office Action errs in asserting that 
negative pressure pulses of more specific duration as recited in dependent claims 29-30, 
32-33, 54, 64-65, and 69-76 would have been obvious in light of MacLeod. The 
durations recited in these claims are as follows: 
• Depending from claim 1: 
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^ claim 69 - "wherein the element is adapted to release 
negative pressure for between 5 and 10 seconds" 

^ claim 70 - "wherein the element is adapted to release 
negative pressure for 7 seconds" 

^ claim 71 - "wherein the element is adapted to generate 
negative pressure for between 5 and 15 seconds" 

■=> claim 72 - "wherein the element is adapted to generate 
negative pressure for 10 seconds" 

■=> claim 73 - "wherein the element is adapted to generate 

negative pressure for between 5 and 15 seconds and to 
release negative pressure for between 5 and 10 seconds" 

^ claim 74 - "wherein the element is adapted to generate 
negative pressure for between 5 and 15 seconds and to 
release negative pressure for 7 seconds" 

'=^> claim 75 - "wherein the element is adapted to generate 
negative pressure for 10 seconds and to release negative 
pressure for between 5 and 10 seconds" 

■=> claim 76 - "wherein the element is adapted to generate 
negative pressure for 10 seconds and to release negative 
pressure for 7 seconds" 

• Depending from claim 25: 

■=> claim 29 - "wherein each pulse of negative pressure is 
generated for between 5 and 15 seconds" 

■=> claim 30 - "wherein each pulse of negative pressure is 
generated for 10 seconds" 

^ claim 32 - "wherein each pulse of negative pressure is 
generated for between 5 and 15 seconds" and "wherein the 
negative pressure is released for an interval of between 5 and 
10 seconds at a time to create the pulses of negative 
pressure" 

^ claim 33 - "wherein each pulse of negative pressure is 
generated for 10 seconds" and "wherein the negative 
pressure is released for 7 seconds at a time to create the 
pulses of negative pressure" 

• Depending from claim 52: 

^ claim 54 - "wherein the alternately generating and releasing 
negative pressure within the chamber comprises alternately 
generating negative pressure for a time interval of about 10 
seconds and releasing the negative pressure for a time 
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interval of about 7 seconds" 



• Depending from claim 62: 

claim 64 - "wherein the alternately generating and releasing 
negative pressure within the chamber comprises alternately 
generating negative pressure for a time interval of between 
about 5 and 15 seconds and releasing the negative pressure 
for a time interval of between about 5 and 10 seconds" 

^ claim 65 - "wherein the alternately generating and releasing 
negative pressure within the chamber comprises alternately 
generating negative pressure for a time interval of about 10 
seconds and releasing the negative pressure for a time 
interval of about 7 seconds" 

As can be seen, the negative pressure pulses of these claims are all significantly longer 

than those of the independent claims. The shortest would have pressure generation for 

1 second and pressure release for 5 seconds (claim 69), resulting in a 6-second negative 

pressure pulse. The other claims recite longer negative pressure pulses. 

The Final Office Action rejects each of these claims based only on unsupported 

assertions that the claimed negative pressure pulses would have been obvious. 

Specifically, pages 5-6 of the Final Office Action state, 

"As for claims 29-30, 32-33, 54, 64 -65, 69- 76, note that the 
claimed time intervals are results of obvious experiments and 
observations , which are well within the realm of one ordinary skill 
in the art, and do not provide any unobvious result, and therefore 
are not patentable over prior art. Note that MacLeod ( 3,292,613) 
teaches that ' the pressure can be synchronized to the heart beat or 
can be applied less or more frequenly [sic] and in regular multiples 
of a heart beat , for example, during every second or third heart 

beat , or the pressure can be applied irregularly with respect 

to the heartbeat.' ( column 5, lines 9-20). Providing this teaching of 
MacLeod (3,292,613) wherein the pressure can be applied less 
frequently in regular multiples of a heartbeat ( i.e., in about at least 
more than one second , or longer), the exact optimum time intervals 
can be defined by obvious experiments and observations to provide 
optimum results, which are well within the realm of one ordinary 
skill in the art, and which do not provide any unexpected results, 
and therefore is not patentable over prior art." 
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Applicants respectfully submit that the evidence of record refutes the assertion 
that the dependent claims' pressure pulses recited above are obvious. The most 
important piece of evidence is the Rule 1.132 Affidavit of Erling Bekkestad Rein, 
submitted on February 15, 2007. In his Affidavit, Mr. Rein details an experiment he 
conducted to test the efficacy of applying the claimed negative pressure pulses. 
(Affidavit at 3-11.) Applicants encourage the Board to review this detailed explanation. 
Based on this experiment, Mr. Rein concludes, "The results show that applying pulses of 
negative pressure at the claimed intervals has a remarkable impact on blood velocity, 
while doing so at other intervals does not." (Id. at 3.) 

Applicants also respectfully submit that secondary considerations (see MPEP 
2141(111)) likewise support Apphcants' position that the dependent claims' pressure 
pulses are nonobvious. Mr. Rein's Affidavit notes that he and his co-inventor were able 
to pubhsh an article titled "Hypothermia During Laparotomy Can Be Prevented by 
Locally Applied Warm Water and Pulsating Negative Pressure" in the prestigious British 
Journal of Anaesthesia. This shows that those skilled in the art have taken notice of at 
least certain aspects of the present invention. Moreover, Mr. Rein's Affidavit also notes 
that sales of a commercial embodiment of the present invention have earned 
$500,000— a tribute to the present invention's commercial success. Indeed, Applicants 
submit that neither the peer recognition nor the commercial success would have 
resulted if the present invention was nothing more than an obvious extension of 
MacLeod's 45-year-old technology. Accordingly, Applicants respectfully urge the Board 
to reverse the Final Office Action's rejection of dependent claims 29-30, 32-33, 54, 64- 
65, and 69-76. 
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B, The Board Should Reverse the Fmal Office Action's Rejection of Claims 
9-10 and 38 Because They Are Not Rendered Obvious by MacLeod in 
View of U.S. Patent No. 3,094,983. 

Claims 9-10 depend from claim 1, and claim 38 depends from claim 25. 
Accordingly, Applicants respectfully urge the Board to reverse the Final Office Action's 
rejection of these claims for the reasons set forth in Section A under the Argument 
Heading. 

C. The Board Should Reverse the Final Office Action's Rejection of Claims 
17-18, 26-27, 35, 48-51, 55-56, 66-67, and 79-82 Because They Are Not 
Rendered Obvious by MacLeod in View of Grahn and Norton. 

1. Claims 17-18, 26-27, 35, 55-56, 66-67, cmd 79-82 Depend from 
Allowable Claims, as Established Above. 

Claims 17-18, 79-80 depend from claim 1; claims 26-27 depend from claim 25; 
claims 55-56 depend from claim 52; and claims 66-67 depend from claim 62. 
Accordingly, Applicants respectfrilly urge the Board to reverse the Final Office Action's 
rejection of these claims for the reasons set forth in Section A under the Argument 
Heading. 

2. MacLeod Does not Disclose the Negative Pressure Pulses of 
Specific Duration Recited in Claims 48-51 and 81-82. 

Applicants respectfully submit that the Board should reverse the Final Office 

Action's rejection of claims 48-51 for the same reasons set forth in the previous section. 

The relevant hmitations of independent claims 48 and 50 are as follows: 

• claim 48 - "generating pulses of negative pressure within the 
chamber of between -20 mmHg and -80 mmHg (-2.7 kPa and - 
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10.7 kPa), each pulse of negative pressure being generated for 
between i and 20 seconds and released for an interval of 
between 2 and 15 seconds the pulses of negative pressure and 
thermal energy in the liquid being transmitted simultaneously 
to the hmb of the patient via the direct contact with the liquid" 

• claim 50 - "generating pulses of negative pressure within the 
chamber of between -20 mmHg and -80 mmHg (-2.7 kPa and - 
10.7 kPa), each pulse of negative pressure being generated for 
between 1 and 20 seconds and released for an interval of 
between 2 and 15 seconds the pulses of negative pressure and 
thermal energy in the liquid being transmitted simultaneously 
to the limb of the patient via the direct contact with the liquid" 

As with independent claims 1, 25, 52, and 62 discussed above, the shortest negative 
pressure pulse covered by independent claims 48 and 50 is 3 seconds. As is discussed 
above, MacLeod teaches only shorter pressure pulses. Accordingly, for the same reasons 
set forth above in connection with independent claims 1, 25, 52, and 62, Apphcants 
respectfully urge the Board to reverse the Final Office Action's rejection of claims 48 and 
50. 

Moreover, for the same reasons set forth above in connection with dependent 
claims 29-30, 32-33, 54, 64-65, and 69-76, Apphcants respectfully submit that the Final 
Office Action errs in asserting that negative pressure pulses of more specific duration as 
recited in dependent claims 49 and 51 would have been obvious in hght of MacLeod. 
Dependent claims 49 and 51 both recite "wherein the negative pressure is generated for 
10 seconds and then released for 7 seconds." For the reasons set forth above, Applicants 
submit that one skilled in the art would not have found the 17-second pressure pulses of 
dependent claims 49 and 51 to be an obvious extension of MacLeod. Accordingly, 
Applicants respectfully urge the Board to reverse the Final Office Action's rejection of 
claims 49 and 51. 
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Claim 81 depends from claim 48, and claim 82 depends from claim 50, 
Accordingly, Applicants respectfully urge the Board to reverse the Final Office Action's 
rejection of these claims for the reasons set forth above. 



D. The Board Should Reverse the Final Office Action's Rejection of Claims 
19-24 and 43 Because They Are Not Rendered Obvious by MacLeod in 
View of Grahn and Norton and further in view of U.S. Patent No. 
3,896,794 to McGarath and U.S. Patent No. 4,186,732 to Christoffel. 

Claims 19-24 depend from claim and claim 43 depends from claim 25. 
Accordingly, Applicants respectfiilly urge the Board to reverse the Final Office Action's 
rejection of these claims for the reasons set forth in Section A under the Argument 
Heading. 



E. The Board Should Reverse the Final Office Action's Rejection of Claims 
39-42 Because They Are Not Rendered Obvious by MacLeod in view of 
U.S. Patent No. 3,094,983 and further in view of Grahn. 

Claims 39-42 depend from claim 25. Accordingly, Applicants respectfully urge 
the Board to reverse the Final Office Action's rejection of these claims for the reasons set 
forth in Section A under the Argument Heading. 



F. The Board Should Reverse the Final Office Action's Rejection of Claims 
47 and 61 Because Norton Does Not Anticipate Them Under 35 U.S.C. 
§ 102(b). 

1. The Final Office Action's Rejection of Claim 61 Does Not Address 
the Language of Claim 61. 

Applicants respectfully submit that the Final Office Action's explanation of the 
rejection of claim 61 bears no relation to the language of claim 61. Claim 61 is as 
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follows: 



A method of applying a pulsating negative pressure to a local 
region of the body, comprising: 

providing a pressure chamber containing a gas; 

introducing a limb into the pressure chamber such that the limb 
is sealed from external conditions; 

partially filling the pressure chamber with a liquid so that the 
limb is substantially surrounded by and in direct contact with the 
liquid while leaving a gas pocket above the liquid in an upper region 
of the chamber; 

continuously supplying a constant negative pressure into the 
gas pocket; and 

introducing a positive pressure into the gas pocket for between 
2 and 15 seconds to temporarily release negative pressure within 
the chamber and to temporarily produce a net positive pressure in 
the gas pocket. 

The Final Office Action (page 9) rejects claim 61 as being anticipated by Norton and 

offers only the following explanation: 

"Norton et al teaches a pressure chamber 31 ( figure 6) into 
which the limb can be inserted, a barrier layer of flexible material 31 
housed within that chamber for form-fitted engagement against the 
skin, the barrier layer defining an inner region within the pressure 
chamber for receiving the limb which is separated from a flow of 
liquid within the chamber, wherein the device includes an element 
or means for generating a pulsating pressure within the pressure 
chamber, and an element or means for generating a negative 
pressure between the barrier layer and the area of skin ( figure 14) 
to maintain the barrier layer in contact with the area of skin. Note 
column 9, lines 63-68, and column 10, lines 1-21. Therefore, 
Norton et al 's device is capable of providing the recited pressures 

As can be seen, the explanation does not address claim 6i's method. For 
example, it does not address claim 6i's "continuously supplying" or "introducing" steps. 
Accordingly, Applicants respectfully submit that the Final Office Action has not made a 
prima facie case that Norton anticipates claim 61. 

Moreover, Applicants respectfully submit that claim 61 is patentable over Norton. 
Norton does not disclose either of claim 6i's "continuously supplying" or "introducing" 
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steps. The specification of the present apphcation describes benefits associated with 



these steps as follows: 



"When the pressure drops back to zero (relative to atmospheric 
pressure), the veins constrict and the blood is forced towards the 
direction with the lowest resistance to flow. The venous valves will 
effectively force the blood in the direction towards the heart only. If 
a positive pressure is added the transmurale pressure will drop. 
The intramural pressure is much larger in the arteries. This leads 
to a relative larger constriction of veins compared to arteries, and 
the veins are "emptied" of blood. The veins are now ready to 
receive more blood, and the pressure starts to drop again. The 
microvasculature capillaries also appear to be affected and there is 
also a possibility that the lymphatic system is affected too, and that 
lymph flow is increased. Lymphatic circulation is beheved to be 
affected by the pulsating pressure in the same way as the veins 
because the vessels also have one-way valves. As the vessel walls 
are even thinner than in the veins, a system operating on the 
lymphatic system alone may be utihsed by operating at lower 
pressures (including positive pressures) but following the same 
pulsating mode, thereby minimizing the effects on the 
arteries/ veins (because increased blood flow can have a negative 
effect on oedema etc.)." 

(Page 14, lines 18-25.) Accordingly, because claim 61 is patentable over Norton, 
Applicants respectfully urge the Board to reverse the Final Office Action's rejection of 



claim 61. 



2. The Final Office Action Rejection of Claim 47 Does Not Address 
Every Limitation of Claim 47. 

Applicants respectfully submit that the Final Office Action's rejection of claim 47 

as anticipated by Norton is improper because it does not address every hmitation of 

claim 47's device. Relevant portions of claim 47 are as follows: 

a barrier layer of flexible material housed within that chamber 
for form-fitted engagement against the skin, the barrier layer 
defining an inner region within the pressure chamber for receiving 
the limb which is separated from an outer region having a flow of 
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liquid within the chamber, 
wherein the device includes 



an element or means for generating a negative pressure 
between the barrier layer and the area of skin to maintain the 
barrier layer in contact with the area of skin, the element or 
means for generating negative pressure being in 
communication with the inner region but not with the outer 
region. 

The Final Office Action (page 9) explains its rejection of claim 47 as follows: 

"Norton et al teaches a pressure chamber 31 ( figure 6) into 
which the limb can be inserted, a barrier layer of flexible material 31 
housed within that chamber for form-fitted engagement against the 
skin, the barrier layer defining an inner region within the pressure 
chamber for receiving the limb which is separated from a flow of 
liquid within the chamber, wherein the device includes an element 
or means for generating a pulsating pressure within the pressure 
chamber, and an element or means for generating a negative 
pressure between the barrier layer and the area of skin ( figure 14) 
to maintain the barrier layer in contact with the area of skin. Note 
column 9, lines 63-68, and column 10, lines 1-21. Therefore, 
Norton et al 's device is capable of providing the recited pressures 

As can be seen, this explanation does not address the last limitation recited in 
claim 47— "the element or means for generating negative pressure being in 
communication with the inner region but not with the outer region." Thus, the Final 
Office Action does not make a prima facie case supporting the rejection of claim 47. 

Moreover, Norton discloses nothing that can generate negative pressure by being 
in communication with an inner region but not with an outer region. Rather, Norton 
states, 

"Thus, a continuous suction can be created in the space between the 
limb and the sealed container by an external evacuation device. 
One method of achieving this is to enclose the legs and housing 
units of the system by a vacuum enclosure 84 as shown by the 
dashed line in FIG. 13 " 

(Norton at 11:19-24.) Norton's vacuum enclosure (84 in FIG. 13) surrounds and is in 
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communication with the entire housing units rather than with only the space between 

the sealed container (90 in FIG. 14) and the patient's legs. Thus, Norton's device cannot 

anticipate amended claim 47. Moreover, such an enclosure that encapsulates the entire 

housing units would be unwieldy compared with a relatively smaller element or means 

in communication with the inner region but not with the outer region. 

Norton also discloses two other ways to maintain a seal between the sealed 

container and the patient's hmb, neither of which anticipate, or render obvious, 

amended claim 47. First, Norton states, 

"Such seal can be maintained by the use of an adhesive compound 
on the surface of the sealed container between the container and 
the limb. However, such a method may be impractical or 
inappropriate in many situations." 

(Norton 11:8-11.) Amended claim 47 is clearly patentable over such a device that uses 
adhesive to create a seal. Second, Norton discloses a "self-evacuation system" (see FIG. 
14) in which the mechanism that produces the pressure cycle also expels air from 
between the sealed enclosure and the leg. (/d. at 11:29-12:6.) Amended claim 47 is 
patentable over this device in that amended claim 47 includes a separate element or 
means for maintaining the barrier layer in contact with the area of skin. For these 
reasons. Applicants respectfully submit that amended claim 47 is both novel and 
nonobvious over Norton. Accordingly, Applicants respectfully urge the Board to reverse 
the Final Office Action's rejection of claim 47. 

G. Conclusion 

Based on the foregoing, the Board should reverse the rejection of claims 1-27, 29- 
30, 32-43, 47-52, 54-58, 60-67, and 69-82. This Appeal Brief sets forth reasons why the 
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rejection of claims i, 25, 29-30, 32-33, 47-52, 54, 61-62, 64-65, and 69-76 should be 
reversed. Applicants also respectfully submit that claims 2-24, 26-27, 34-43, 55-58, 60, 
63, 66-67, and 77-82 should be reversed because they depend from allowable claims. 



Respectfully submitted. 



Dated: June 23, 2008 Thomas R. Hipkins 

Thomas R. Hipkins 
Registration No. 57,659 

TRH:kp:423l326 

Customer No. 22859 
Fredrikson & Byron, P.A. 
200 South Sixth Street 
Suite 4000 

Minneapolis, MN 55402-1425 
(612) 492-7000 
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CLAIMS APPENDIX 



1. A device for applying a pulsating pressure to a local region of the body, the 
device comprising a pressure chamber in to which a hmb of the body can be placed to 
seal it from external conditions, whereby in use the limb can be immersed in a liquid 
contained in the pressure chamber such that the hquid surrounds and is in contact with 
the limb wherein an element is provided to generate pulses of negative pressure within 
the chamber that can be transmitted to the hmb directly via the hquid, the element 
being adapted to generate negative pressure for between i and 20 seconds and to release 
negative pressure for between 2 and 15 seconds. 

2. The device as claimed in claim 1, wherein the pressure chamber comprises 
an elongate housing having an opening for receiving the limb and a seal arranged 
around the opening for sealing against the hmb. 

3. The device as claimed in claim 2, wherein the elongate housing is a 
cylindrical or box-shaped housing. 

4. The device as claimed in claim 2, wherein an inlet and outlet are provided 
in the housing for introducing and discharging the hquid into and out of the chamber. 

5. The device as claimed in claim 4, wherein the inlet and outlet are in 
communication with each other via a fluid path that is defined by internal walls of the 
chamber and the surface of the limb once it has been introduced into the chamber, such 
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that in use liquid flows from the inlet into the chamber, circulates around and in contact 
with the surface of the hmb and is then discharged via the outlet. 

6. The device as claimed in claim 4, wherein a liquid flow transmission 
means is connected to the pressure chamber via the inlet and outlet to generate a flow of 
liquid which is circulated within the chamber and around the limb. 

7. The device of claim 6, wherein the flow transmission means is a pump. 

8. The device as claimed in claim 6, wherein the flow transmission means is 
connected to the pressure chamber via the inlet and outlet to generate a flow of liquid 
which is circulated within the chamber and around the limb. 

9. The device as claimed in claim 1, wherein the liquid is circulated through a 
heat exchanger unit before it enters the pressure chamber to control the temperature of 
the liquid. 

10. The device as claimed in claim 9, wherein the heat exchanger unit 
comprises a plurality of heat exchanger tubes housed within a water bafli. 

11. The device as claimed in claim wherein the element comprises a 
pulsating means for generating pulses of pressure within the chamber. 
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12. The device as claimed in claim 4, wherein the element comprises a 
pulsating means for generating pulses of pressure within the chamber, 

13. The device as claimed in claim 6, wherein the element comprises a 
pulsating means for generating pulses of pressure within the chamber. 

14. The device as claimed in claim 9, wherein the element comprises a 
pulsating means for generating pulses of pressure within the chamber. 

15. The device as claimed in claim 1, wherein the element comprises one or 
more connections that are provided in an upper region of the pressure chamber, coupled 
via a Y-connector, to communicate the chamber with a pressure source which is at a 
pressure different from atmospheric pressure for regulating the pressure within the 
chamber. 

16. The device as claimed in claim 15, wherein said pressure source is a 
suction device. 

17. The device as claimed in claim 16, wherein said pressure source is set to 
create a negative pressure of between -20 mmHg and -80 mmHg (-2.7 kPa and -10.7 
kPa). 

18. The device as claimed in claim 17, wherein a valve is provided in 
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connection with the pressure chamber to bleed air at intervals into the pressure 
chamber to thereby generate the pulses of negative pressure. 

19. The device as claimed in claim 18, wherein the valve is controlled by a 
timer system to bleed air into the pressure chamber for between 2 and 15 seconds at a 
time. 

20. The device as claimed in claim 19, wherein the valve is controlled by a 
timer system to bleed air into the pressure chamber for between 5 and 10 seconds at a 
time. 

21. The device as claimed in claim 20, wherein the valve is controlled by a 
timer system to bleed air into the pressure chamber for 7 seconds at a time. 

22. The device as claimed in claim 18, wherein the valve is controlled by the 
timer system to be closed for between 1 and 20 seconds at a time to allow build up of 
negative pressure. 

23. The device as claimed in claim 22^ wherein the valve is controlled by the 
timer system to be closed for between 5 and 15 seconds at a time to allow build up of 
negative pressure. 

24. A device as claimed in claim 18, wherein the valve is controlled by the 
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timer system to be closed for lo seconds at a time to allow build up of negative pressure. 

25. A method of applying a pulsating pressure to a local region of the body 
comprising the steps of: 

providing a pressure chamber; 

introducing a limb in to the pressure chamber such that it is sealed from external 
conditions; 

filling or partially filling the pressure chamber with a liquid to immerse the limb 
in the liquid so that it is substantially surrounded by and in contact with the hquid; and 

generating a pulsating negative pressure within the chamber and transmitting the 
pulses of negative pressure to the hmb directly via the hquid, wherein each pulse of 
negative pressure is generated for between 1 and 20 seconds and released for between 2 
and 15 seconds. 

26. The method as claimed in claim 25, wherein pulses of negative pressure of 
between -20 mmHg and -80 mmHg (-2.7 kPa and -10.7 kPa) are generated within the 
pressure chamber. 

27. The method as claimed in claim 26, wherein pulses of negative pressure of 
-40 mmHg (-5.3 kPa) are generated within the pressure chamber. 

29. The method as claimed in claim 25, wherein each pulse of negative 
pressure is generated for between 5 and 15 seconds. 

Appellant's Brief 
Serial No.: 10/749,150 
Appendices 



30. The method as claimed in claim 29, wherein each pulse of negative 
pressure is generated for 10 seconds. 

32. The method as claimed in claim 29, wherein the negative pressure is 
released for an interval of between 5 and 10 seconds at a time to create the pulses of 
negative pressure. 

33. The method as claimed in claim 30, wherein the negative pressure is 

released for 7 seconds at a time to create the pulses of negative pressure. 

34. The method as claimed in claim 25, wherein the liquid is circulated within 
the pressure chamber to generate a flow of liquid which is in direct contact with the 
limb. 

35. The method as claimed in claim 26, wherein the liquid is circulated within 
the pressure chamber to generate a flow of liquid which is in direct contact with the 
limb. 

36. The method as claimed in claim 29, wherein the liquid is circulated within 
the pressure chamber to generate a flow of liquid which is in direct contact with the 
limb. 
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37- The method as claimed in claim 32, wherein the liquid is circulated within 
the pressure chamber to generate a flow of hquid which is in direct contact with the 
limb. 

38. The method as claimed in claim 25, wherein the temperature of the hquid 
is controlled by a heat exchanger unit to be at a temperature either above or below the 
core body temperature of the patient. 

39. The method as claimed in claim 38, wherein the liquid is maintained at a 

temperature of less than 30^C whilst the pulsating pressure is applied to the limb. 

40. The method as claimed in claim 39, wherein the liquid is maintained at a 
temperature of less than lo^C whilst the pulsating pressure is apphed to the hmb. 

41. The method as claimed in claim 38, wherein the liquid is maintained at a 
temperature greater than 43.5°C whilst the pulsating pressure is applied to the limb. 

42. The method as claimed in claim 41, wherein the liquid is maintained at a 
temperature greater than 45°C whilst the pulsating pressure is apphed to the hmb. 

43. The method as claimed in claim 24, wherein said method is being apphed 
to the limb of the patient to control or regulate the temperature of the patient. 
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47- A device for applying a pulsating pressure to an area of skin on a limb of a 

body comprising 

a pressure chamber into which the limb can be inserted, 

a barrier layer of flexible material housed within that chamber for form-fitted 

engagement against the skin, the barrier layer defining an inner region within the 

pressure chamber for receiving the limb which is separated from an outer region having 

a flow of liquid within the chamber, 
wherein the device includes 

an element or means for generating a pulsating negative pressure within 
the pressure chamber, and 

an element or means for generating a negative pressure between the 
barrier layer and the area of skin to maintain the barrier layer in contact with the 
area of skin, the element or means for generating negative pressure being in 
communication with the inner region but not with the outer region. 

48. A method of treating hypothermia in a human body by applying a 
pulsating pressure to a local region of that body comprising the steps of: 
providing a pressure chamber; 

introducing a limb in to the pressure, chamber such that it is sealed from external 
conditions; 

filling or partially filling the pressure chamber with a liquid to immerse the limb 
in the liquid so that it is substantially surrounded by and in contact with the liquid; 

circulating the liquid via a heat exchanger unit to heat the liquid to a temperature 
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of 40°C or above; and 

generating pulses of negative pressure within the chamber of between -20 mmHg 
and -80 mmHg (-2.7 kPa and -10.7 kPa), each pulse of negative pressure being 
generated for between 1 and 20 seconds and released for an interval of between 2 and 15 
seconds the pulses of negative pressure and thermal energy in the liquid being 
transmitted simultaneously to the hmb of the patient via the direct contact with the 
liquid. 

49. The method of treating hypothermia in a human body as claimed in claim 

48, wherein the negative pressure is generated for 10 seconds and then released for 7 
seconds. 

50. A method of treating hyperthermia in a human body by applying a 
pulsating pressure to a local region of that body comprising the steps of: 

providing a pressure chamber; 

introducing a limb in to the pressure, chamber such that it is sealed from external 
conditions; 

filling or partially filling the pressure chamber with a liquid to immerse the limb 
in the liquid so that it is substantially surrounded by and in contact with the hquid; 

circulating the liquid via a heat exchanger unit to cool the liquid to a temperature 
of 30^C or less; and 

generating pulses of negative pressure within the chamber of between -20 mmHg 
and -80 mmHg (-2.7 kPa and -10.7 kPa), each pulse of negative pressure being 
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generated for between i and 20 seconds and released for an interval of between 2 and 15 
seconds the pulses of negative pressure and thermal energy in the liquid being 
transmitted simultaneously to the hmb of the patient via the direct contact with the 
hquid. 

51. The method of treating hyperthermia in a human body as claimed in claim 
50, wherein the negative pressure is generated for 10 seconds and then released for 7 
seconds. 

52. A method of increasing blood flow to a local region of the body, 
comprising: 

providing a pressure chamber; 

introducing the local region of the body into the pressure chamber such that the 
local region is sealed from external conditions; 

introducing hquid into the pressure chamber so that the local region of the body 
is substantially surrounded by and in direct contact with the liquid; and 

alternately generating negative pressure for a predetermined time interval of 1 to 
20 seconds and releasing negative pressure for a predetermined time interval of 2 to 15 
seconds within the chamber , the negative pressure being transmitted to the local region 
through direct contact with the liquid. 

54. The method of claim 52, wherein the alternately generating and releasing 
negative pressure within the chamber comprises alternately generating negative 
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pressure for a time interval of about lo seconds and releasing the negative pressure for a 
time interval of about 7 seconds. 

55. The method of claim 52, wherein the alternately generating and releasing 
pulses of negative pressure within the chamber comprises alternately generating a 
negative pressure between about -2ommHg and -SommHg and releasing the negative 
pressure. 

56. The method of claim 55, wherein the alternately generating and releasing 
pulses of negative pressure within the chamber comprises alternately generating a 
negative pressure of about -4ommHg and releasing the negative pressure. 

57. The method of claim 52, wherein the introducing liquid into the pressure 
chamber comprises introducing liquid having a temperature different than the core 
body temperature. 

58. The method of claim 52, further comprising the step of circulating the 
liquid around the surfaces of the local region of the body to transfer heat to or from the 
local region. 

60. The method of claims 52, wherein the local region is a limb. 

61. A method of appl5dng a pulsating negative pressure to a local region of the 
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body, comprising: 

providing a pressure chamber containing a gas; 

introducing a limb into the pressure chamber such that the hmb is sealed from 
external conditions; 

partially fiUing the pressure chamber with a liquid so that the limb is 
substantially surrounded by and in direct contact with the liquid while leaving a gas 
pocket above the hquid in an upper region of the chamber; 

continuously supplying a constant negative pressure into the gas pocket; and 

introducing a positive pressure into the gas pocket for between 2 and 15 seconds 
to temporarily release negative pressure within the chamber and to temporarily produce 
a net positive pressure in the gas pocket. 

62. A method of transferring thermal energy to and from a body, comprising: 
providing an enclosure; 

introducing a limb into the enclosure such that the limb is sealed from external 
conditions; 

introducing thermal exchange liquid into the chamber so that the limb is 
completely surrounded by and in direct contact with the liquid, the introduced thermal 
exchange liquid having a predetermined temperature different than the core body 
temperature; 

circulating the introduced thermal exchange liquid around the surfaces of the 
limb, the liquid transmitting heat to or from the limb; and 

generating a pulsating negative pressure within the enclosure, the pulsating 
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negative pressure being transmitted to the limb through direct contact with the thermal 
exchange liquid, wherein generating pulsating negative pressure includes alternately 
generating negative pressure for between i and 20 seconds and releasing negative 
pressure for between 2 and 15 seconds. 

63. The method of claim 62, wherein generating the pulsating pressure 
comprises alternately generating and releasing a negative pressure within the enclosure. 

64. The method of claim 63, wherein the alternately generating and releasing 

negative pressure within the chamber comprises alternately generating negative 
pressure for a time interval of between about 5 and 15 seconds and releasing the 
negative pressure for a time interval of between about 5 and 10 seconds. 

65. The method of claim 64, wherein the alternately generating and releasing 
negative pressure within the chamber comprises alternately generating negative 
pressure for a time interval of about 10 seconds and releasing the negative pressure for a 
time interval of about 7 seconds. 

66. The method of claim 62^ wherein the alternately generating and releasing 
pulses of negative pressure within the chamber comprises alternately generating a 
negative pressure between about -2ommHg and -SommHg and releasing the negative 
pressure. 
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67- The method of claim 66, wherein the alternately generating and releasing 
pulses of negative pressure within the chamber comprises alternately generating a 
negative pressure of about -4ommHg and releasing the negative pressure. 

69. The device as claimed in claim 1, wherein the element is adapted to release 
negative pressure for between 5 and 10 seconds. 

70. The device as claimed in claim 1, wherein the element is adapted to release 
negative pressure for 7 seconds. 

71. The device as claimed in claim 1, wherein the element is adapted to 

generate negative pressure for between 5 and 15 seconds. 

72. The device as claimed in claim 1, wherein the element is adapted to 
generate negative pressure for 10 seconds. 

73. The device as claimed in claim 1, wherein the element is adapted to 
generate negative pressure for between 5 and 15 seconds and to release negative 
pressure for between 5 and 10 seconds. 

74. The device as claimed in claim 1, wherein the element is adapted to 
generate negative pressure for between 5 and 15 seconds and to release negative 
pressure for 7 seconds. 
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75- The device as claimed in claim i, wherein the element is adapted to 
generate negative pressure for lo seconds and to release negative pressure for between 5 
and 10 seconds. 

76. The device as claimed in claim 1, wherein the element is adapted to 
generate negative pressure for 10 seconds and to release negative pressure for 7 seconds. 

77. The device as claimed in claim 1, wherein the liquid is water. 

78. The device as claimed in claim 16, wherein said suction device is a vacuum 
pump or vacuum line. 

79. The device as claimed in claim 17, wherein said pressure source is set to 
create a negative pressure of -40 mmHg (-5.3 kPa). 

80. The device as claimed in claim 18, wherein the valve is provided between 
said chamber and said pressure source. 

81. The method of treating hypothermia in a human body as claimed in claim 
48, wherein said pulses of negative pressure within the chamber are -40 mmHg (-5.3 
kPa). 
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82. The method of treating hypertheraiia in a human body as claimed in claim 
50, wherein the pulses of negative pressure within the chamber are -40 mmHg (-5.3 
kPa). 
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This is a copending application of one which issued as 
United States Patent No. 3,094,983 for Blood Circulation 
Device and Method on June 25, 1963. 

This Invention relates to a method and apparatus for 15 
improving the circulation of fluids within parts of a human 
body or an animal and, more particularly, is for the pur- 
pose of improving blood circulation in a human body or 
in that of an animal. 

When blood is pulsed from the heart into the arteries, 20 
the blood discharge valves of the heart close, and the 
pressure impulse in the blood is absorbed by the arterial 
flow and by the distention of the elastic walls of the 
arteries. The distention of the arteries tends to maintain 
a more uniform blood flow to the arterioles and from them 25 
to the capillary bed. The retiurn flow from the capillaries 
through the veins to the heart is a much more steady one 
than in the arteries and it is subject to control against back 
flow by a series of check valves in the veins. 

As described in my above patent, it is clear that varia- 30 
tions of pressure applied to a limb or any other part of 
the body act differently on the venous flow than on the 
arterial flow. In the veins, a negative pressure application 
to a limb which would tend to draw blood away from 
the heart cannot do so because of the check valves in the 35 
veins, and a positive pressure application tends to squeeze 
the veins, open the venous valves, and force the blood 
to the heart. However, in the arteries, applications of 
negative and positive pressures tend to cause surging of 
the blood tov/ard and away from the heart. 

According to the invention, I have found that much 
greater stimulation of blood circulation is possible when 
the arterial surge toward the heart, on application of a 
positive pressure, is reduced or stopped entirely. That is, 
when there is a localized pressure applied at the well- 
known arterial pressure points, at which pressure can be 
applied from the skin surface, the arterial flow is greatly 
reduced or even entirely stopped downstream of the 
localized pressure points in the direction away from the 
heart. Actually, at any point where arterial pulsing can 
be felt, pressure can be applied to occlude an artery. 

My method for greatly increasing the stimulation of 
blood circulation includes the enclosing m a chamber of a 
part of a body, such as a leg, and applying a positive pres- 
sure pulse within the chamber and at the same time apply- gg 
ing a localized pressure at the appropriate arterial pres- 
sure point, this latter pressure being maintained during the 
period of the positive pressure pulse within the chamber 
and preferably for a relatively short period there before 
and thereafter. The foregoing steps prevent the flow of 
blood toward the heart in the artery in question and force 
the flow away from the part in the chamber into the 
capillaries and veins and back to the heart. 

When a larger portion of the body, for example, that 
part from the waist down, is sealed within a variable pres- 65 
sure chamber, the localized pressure means on individual 
arteries are enclosed within the chamber and are operable 
from the exterior thereof. 

According to the invention, consistent with the fore- 
going, when a negative pressure pulse is apphed to a part 
of a body within a variable pressure chamber to tend to 



pull arterial blood from the heart, the checking action of 
the valves in the veins can be assisted by apply- 
ing localized pressures on the major veins which are 
found near the surface of the body. By this method, blood 
flow in the enclosed body portion can be made greater 
than that under conditions of violent exercise, but without 
any strain upon the heart. 

In the practice of this method, it is not necessary to 
synchronize pressure variation with the heart action, but 
when such synchronization is desired, the occlusion of the 
artery should preferably occur when the heart is not pump- 
ing to the artery, that is, when the arterial pressure is the 
lowest, and the occluding pressure should be relaxed when 
the arterial pulse is at its peak pressure so that the blood 
can flow into the encased body part. 

LocaHzed pressure points, where arterial occlusion by 
indentation of the skin can be produced, are, for example, 
on the femoral artery which supplies most of the blood 
to the leg, on the popliteal artery at the back of the knee, 
on the posterior tibial artery at the ankle, and on the 
brachial artery in the arm. The brachial vein is adjacent 
to the latter artery and some venous occlusion results from 
brachial artery occlusion, but the deep-seated axillary 
vein in the upper arm cannot be occluded. A similar 
situation obtains in the leg in regard to hte juxtaposition 
of the femoral artery and femoral vein and venous flow 
through other deep-seated veins. At the wrist, both the 
radial and ulnar arteries can be readily occluded. In 
certain serious failure of leg or arm circulation, super- 
ficial surgery can be performed to make the femoral artery 
of the leg and the branchial artery of the arm more avail- 
able for occlusion pressures. 

As pressures of 2 to 10 pounds per square inch, or 150 
to 500 millimeters of mercury, can be safely applied, a very 
positive blood circulation can be induced. In terms of 
regeneration of limb functions, this is most important 
and has considerable therapeutic value in such diseases as 
arthritis, traumatic injuries, and all forms of peripheral 
vascular disease. 

The use of liquid in a variable pressure chamber to 
apply pressure pulses on a part of a body is preferable to 
gas^ because of the non-compressibility of the liquid,, but 
it is more difficult to handle. However, it has been 
found that when the chambers are so shaped to closely 
conform with the part of the body inserted therein so 
as to eliminate excess volume in which a gas can be com- 
pressed or expanded by pressure variation within the 
chamber, a gas can be used effectively as the medium 
for applying the pressure pulses when the arterial oc- 
clusion method is used. That is, in the use of a gas, 
for practical purposes, air, the volume in the chamber 
around the body portion therein must be reduced as much 
as possible and this can be done with non-porous pads. 
Even so, however, in the use of a gas, as compared with 
a liquid, the pressure-time curve cannot be as steep and 
the negative and positive pressures cannot be cycled as 
quickly. - . 

Accordingly^ it is an object of the present invention to 
provide an improved method and an improved apparatus 
for increasing blood circulation. 

It is another object of the present invention to provide 
a method and means to provide positive pressure pukes 
to a part of a human body or an animal while an artery 
or arteries to the part are occluded. 

It is still another object of the present invention to 
provide means and a method for applying negative pres- 
sures to a part of a body while a major vein or veins 
are occluded to assist the check valves in the veins. In 
elderly persons and in certain diseases, the check valves 
in the veins are inefficient and, therefore, the occlusion of 
the veins during negative pressure impulses inhibits back 
flow into the veins and greatly increases positive blood 
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flow into the body part. This is especially effective when 
the occlusion of the vein is associated with the use of 
arterial occluding means during the period of rising pres- 
sure from a minimum negsitive to a positive pressure^ 
the latter arterial occluding means being applied during 5 
the entire period of positive pressure. 

It is a further object of the present invention to pro- 
vide an improved method and apparatus for increasing 
blood circulation in a limb, for example, and which will 
eliminate distention of the arteries of the limb outside of jq 
(the chamber and between the chamber sealing means 
and the heart during positive pressure pulses within the 
chamber. This elimination of distention of the arteries 
outside the chamber results from the occlusion of the 
artery or arteries in question during the positive pres- 15 
sure pulse. 

It is a still further object of the present invention to 
provide an improved method and apparatus by which 
a very considerable positive pressure gradient can be 
created from an artery in an enclosed limb, and through 20 
the capillaries to the veins. 

It is another object of the invention to provide an 
improved method and means for applying a localized 
pressure on near-surface arteries to inhibit arterial flow 
and at the same time apply a positive pressure pulse to 25 
that portion of the body downstream of the point of the 
localized pressure so that the positive pressure pulse is 
more usefully employed in forcing blood from the ar- 
teries and arterioles into the capillaries and from the 
capillaries into the veins than has heretofore been ex- 30 
perienced. 

Further objects and advantages of the invention may be 
brought out in the following part of the specification 
wherein small details have been described for the com- 
petence of disclosmre, without intending to limit the scope 35 
of the invention which is set forth in the appended claims. 

Referring to the accompanying drawings, which are 
for illustrative purposes only: 

FIG. 1 is a side elevational view, partially in cross 
section, of an apparatus according to the present inven- 40 
tion; 

FIG. 2 is a cross sectional view of an artery occluding 
device, taken as indicated by the line 2—2 in FIG. 1; 

FIG. 3 illustrates the occluding device in FIG. 2 in 
operation; 45 

FIG. 4 is a fragmentary, cross sectional view of an 
occluding device having a relatively pointed contacting 
part; 

FIG. 5 is a fragmentary, cross sectional view of an- 
other embodiment of an occluding device; 60 

FIG. 6 is a fragmentary, cross sectional view of a 
solenoid-operated occluding means; 

FIG. 7 is a side elevational view, partially in cross 
section, of another embodiment of the invention; and 

FIG. 8 is a cross sectional view, taken as indicated by 55 
the line 8— 8 in FIG. 7. 

Referring again to the drawings, in FIG. 1, there is 
shown an elongated chamber 10, having an open end 11 
and having a cross section suitable to receive a sub- 
stantial portion of a human leg 12. At the open end 60 
there is a seal 13, having its outer periphery adapted to 
be secured to a flange on the chamber and having its 
inner periphery 17 substantially annular to conform to 
the ^periphery of the leg 12. The inner periphery of the 
seal has two lips 18 and 19, spaced by an enlarged di- 65 
ameter sm-face 20. The seal is maintained by a negative 
pressure made available through a tube 23, terminating 
inwardly through the surface 20 so that the negative 
pressure draws the skin of the leg against the surfaces of 
the lips 18 and 19 and toward the surface 20, a greater 70 
pressure at all times being exerted on the exterior surf aces 
of ithe seal to force it into sealing relationship with the 
leg. 

The leg is shown to be resting within the chamber 10 
on hard rubber cushions or blocks 24 and 25 and it is 75 



secured to the latter block by a strap 26. The foot is 
also strapped to a block 29, in turn secured to the 
chamber, so as to tend to hold the foot in the position 
shown. The straps may be secured to the foot and 
ankle through a removable access flange 33. 

The chamber 10 is adapted to be completely filled with 
a liquid 30, such as water, as disclosed in the above-men- 
tioned copending application. It may be filled through a 
fitting 31 and vented, while filling, through a fitting 32 
to which a pressure gauge may be attached after the cham- 
ber is completely filled. 

At the left end of the chamber in the drawing, there is 
a cylinder 35 having a reciprocating piston 36 therein. 
One end of the cylinder is connected to the chamber by a 
tube 37 so that movement of the piston 36 will change the 
pressure within the filled chamber. Through the other 
end of the cylinder extends a piston rod 38, connected to* 
the piston 36, and which may be reciprocated to move the 
piston by conventional means. The piston can be ad- 
justed to have a starting position, either with a zero gauge 
pressure or a constant positive or negative pressure, and 
any movement of the piston will then increase or decrease 
the pressure in the chamber. Adjacent the other end of 
the chamber is a thermometer 41 fitted within the chamber 
to indicate the temperature of the Hquid. In the lower 
portion of the drawing is a sealable drain 42. 

In FIGS. 1—3, there is shown an artery occluding device, 
generally designated as 43, secured to the leg by a strap 
44. A generally spheroidal-shaped ball 47 is fitted be- 
tween the strap and the leg, being secured to the strap by 
a flanged tube 48 having an opening into the ball and 
having its outer end connected to a gas or liquid pressure 
tube source 49. The ball is made of plastic flexible ma- 
terial so as to be inflatable, and has a relatively hard 
projection 50 in abutment with the leg surface, immediatCr 
ly outwardly, in this case, of the femoral artery 53. 

In FIG. 2, the ball 47 is shown deflated or substantially 
compressed by the strap 44 around the leg and the artery 
53 is shown to be open. In FIG. 3, the ball 47 has been 
inflated with pressure through the source 49 so as to exert 
considerable pressure on the leg so as to close or sub- 
stantially close the artery 53. 

In FIG. 4, there is shown a ball equivalent to ball 47, 
having a more pointed projection 50' which, for example, 
is adaptable for use on the radial and ulnar arteries in the 
wrist. In FIG. 5, there is shown an artery or vein occlud- 
ing device secured to a strap 54, equivalent to strap 44. 
Here, the projection 55 for occluding the artery or vein 
is connected by a rod to a pressure extensible bellows 56 
which in turn is connected to a pressure source 49. When 
the pressure is increased within the bellows from the 
source 49, the projection 55, as indicated in FIG. 3, moves 
against the skin so as to occlude the blood-carrying mem- 
ber. 

In FIG. 6, there is shown another embodiment of an 
occluding device secured to a strap 54' and having a pro- 
jecting member 59, connected to a solenoid core 60 by a 
rod surrounded by a coil spring 61. The spring acts to 
hold the projecting member in its retracted position and 
when the solenoid is energized, the core is moved against 
the spring so as to move the projecting member 59 into 
its extended position against the skin so as to occlude the 
blood carrying member. 

The device shown in FIG. 1 can be operated in a num- 
ber of different ways and with many variations in pressure. 
For example, a positive pressure can be exerted on the leg 
12 by means of moving the piston 36 inwardly toward the 
chamber and just before the positive pressure is applied, 
the ball 47 can be energized by pressure from the source 
49 so as to be expanded, as shown in FIG. 3, to occlude 
the artery 53. By occluding the femoral artery and ap- 
plying pressure to the leg, the blood is forced through the 
artery downstream of the occluding device 43 and is fur- 
ther forced through the capillaries and the veins in a 
manner to greatly exceed the normal flow, especially where 
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the circulation is poor. The indenting pressure on the 
artery should ordinarily be maintained during the entire 
positive pressure application to the chamber. Then, when 
a negative pressure is applied by moving the piston 36 away 
from the chamber, the pressure on the artery is released, 5 
as indicated in FIG. 2, and the blood is caused to flow 
into the artery at a much greater rate than under normal 
conditions. 

The pressure can be synchronized to the heart beat or 
can be applied less or more frequently and in regular iq 
multiples of a heart beat, for example, during every sec- 
ond or third heart tbeat, or two, three, or four times dur- 
ing each heart beat, or the pressure can be applied irreg- 
ularly with respect to the heart beat. Further, where 
synchronization with the heart is desired, the occlusion of 15 
the artery should preferably occur when the heart is not 
pumping to it, that is, when the arterial pressure is the 
lowest, and the occluding pressiu-e should be relaxed 
when the arterial pulse is at a peak pressure so that the 
blood can readily flow into the encased limb. 20 

When a positive pressure is applied to the chamber, 
the limb or leg, as shown, tends to move out of the cham- 
ber, and thus, the straps are applied to the ankle and foot 
to prevent the latter from moving and to restrict the out- 
ward movement of the leg. 25 

Where the check valves in the veins are ineflicient, a 
major vein can be occluded during the negative pressure 
apphcation in the chamber so that the negative pressure 
will not tend to draw blood through the veins in the wrong 
direction, and this will permit the negative pressure to act 30 
upon the arterial flow from the heart so that it will be at a 
maximum into the limb. 

As previously indicated, a liquid is the preferable med- 
ium for applying rapid pressure changes to a part of a 
body, but it has the disadvantage that it has to be handled- 35 
A gas, such as air, of course, does not have such a disad- 
vantage but because it is compressible, it is not as good 
a medium as liquid to apply rapid pressure changes to a 
limb. However, when a gas in a chamber is restricted 
to a very small volume surrounding a limb and a relative- 
ly large piston displacement is involved for producing 
pressure variation, there is not much difiiculty in com- 
pression or expansion of the gas and the pressure can be 
adequately applied to a limb with air. 

An apparatus, as shown in FIGS. 7 and 8, for use of 45 
air as the pressure-applying medium is particularly useful 
in stimulating blood flow in the hand. An air chamber 
61 is formed between upper and lower molded plastic 
parts 62 and 63, sealingly secured together at their flanges 
65 and 66. The upper part 62 has an inner molded sur- 50 
face 67 to conform to the inner parts of a hand and fore- 
arm and the. lower part 63 has an inner surface 68 to 
conform to the outer parts of the hand and forearm. The 
arrangement shown permits only a minimum of air in the 
chamber between the arm and hand surfaces and the sur- 55 
faces of the chamber. If, for e:<ample, there would be 
excess space between the hand and the chamber, non- 
porous plastic material could be inserted on the arm and 
hand to reduce the air volume. 

In this embodiment, solenoid-operated occluding de- 60 
vices, similar to the type shown in FIG. 6, are used at 
the wrist to occlude the radial and ulnar arteries. Here, 
as distinct from the structure shown in FIG. h the artery 
occluding means is within the chamber, rather than ex- 
ternally thereof. However, in either type of chamber, the 65 
artery occluding means may be externally or internally 
of the chamber. 

The artery occluding devices 71 and 72 have rods 73 
connecting the solenoid cores with the projecting plungers 
74 which are slidably engaged in recesses 76 in the upper 70 
part of the chamber 62. As shown in FIG. 8, the project- 
ing plungers 74 are shown in their non-extended posi- 
tions having a tight fit on the wrist so that when the sole- 
lioids are energized, the two plungers 74 move down- 
wardly to occlude the wrist arteries 77 and 78. 75 
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In FIG. 7, a chamber pressurie source 79 extends from 
a variable pressure means, such as a negative and posi- 
tive pressure varying air pump, not shown, but equivalent 
in effect to the cylinder and piston 35 arid 36, respective- 
ly, in FIG. 1,. and terminates at its inner end 82 in the 
chamber formed by the surfaces 67 and 68, adjacent the 
arm. 

At the opening of the chamber, there is a generally an- 
nular pressure seal 83, adapted to be tightened within the 
chamber opening and on the arm by a liquid or fluid 
pressure supplied through a tube 84. 

Externally of the chamber on the arm is a vein oc- 
cluding device 86, equivalent to the artery occluding de- 
vice 43, shown in FIGS. 1, 2 and 3, the device 86 being 
strapped to the arm and being actuated by a fluid pressure 
through a tube 87. 

The operation of the chamber, shown in FIGS. 7 and 
8, is substantially the same as that shown in FIG. 1. 
However, with air as the medium to apply the pressure 
variations to the limb, the pressure-time curve cannot be 
as sharp and the cycling of the pressure variation caimot 
be as fast as with liquid. 

Since circulation problems are more severe in the arm 
below the wrist than above the wrist, and because of the 
convenient location of the radial and ulnar arteries, it is 
considered advantageous to occlude them at the wrist, as 
shown in FIGS. 7 and 8, Thus, when the high pressure 
is applied, from the source 79 to the chamber and arm 
and just prior thereto, the solenoids in the devices 71 and 
72 are energized to occlude the arteries- The pressure 
will then force the blood into the hand so that it can 
return to the heart through the veins. According to the 
cycle, when the negative pressure is applied from the 
source 79, the solenoids in the devices 71 and 72 are de- 
energized and the rods 73 are retracted by means of 
springs, not shown, so that the arteries at the wrist are 
opened. At this time, the blood is free to flow into the 
arm and hand from the arteries, and in cases where the 
vein check valves need assistance, the vein occluding de- 
vice 86 is actuated by the application of pressure through 
the tube 87. This prevents blood from being drawn into 
the arm and hand through an improperly operating check 
valve in the vein and the flow is thus, then into the arm 
and hand from the arteries in a greater than normal 
amount due to the negative pressure on the limb, and 
there is no blood drawn into the arm and hand, in the 
wrong direction, through the vein. 

It should be noted that in certain serious failures of 
leg or arm circulation, such as occurs during gangrene, 
surgery can be performed to make the femoral artery of 
the leg or the brachial artery of the arm available for 
the application of occlusion pressures in accordance with 
the invention. 

The invention and its attendant advantages will be 
understood from the foregoing description and it will be 
apparent that various changes may be made in the form, 
construction and arrangement of the parts of the inven- 
tion without departing from the spirit and scope thereof 
or sacrificing its material advantages, the arrangement 
hereinbefore described being merely by way of example. 
I do not wish to be restricted to the specific form shown 
or uses mentioned, except as defined in the accompanying 
claims, wherein various portions have been separated for 
clarity of reading and not for emphasis. 

I claim: 

1, A method of improving the blood circulation in a 
part of the body of a human being or an animal, com- 
prising: 

(a) applying a pressure pulse to a part of a body to 
affect the flow in an artery in said part; and 

(b) applying localized pressure to said artery between 
a portion of said part and the heart to inhibit reverse 
iarterial flow toward the heart during said pressure 
pulse. 
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2. A method of improving the blood circulation in a 
part of the body of a hmnan being or an animal^ com- 
prising: 

(a) applying a pressure pulse to a part of a body to 
affect the downstream blood flow in said part; and 5 

(b) applying localized pressure to a near-surface 
artery to said part between a portion of said part 
and the heart to inhibit reverse arterial flow to- 
ward the heart during said pressure pulse, 

3. A method of improving the blood circulation in a iq 
part of the body of a human being or an animal, com- 
prising: 

(a) applying negative pressure pulses ambient and to 
a part of a body to tend to pull arterial blood from 
the heart and through said part; and 15 

(b) applying localized pressure adjacent said part on 
a near-surface vein during said pulses to assist the 
action of the vein check valves. 

4. A method of improving the blood circulation in a 
part of the body of a human being or an animal, com- 20 
prising: 

(a) enclosing a part of a body to be treated in a 
chamber; 

(b) sealing said part in said chamber; 

(c) filling said sealed chamber with liquid; 25 

(d) varying the pressure of all of said liquid alternate- 
ly positively and negatively a predetermined amount 
at a predetermined rate; and 

(e) applying pressure to an artery to said part up- 
stream of a portion of said part to be affected by 30 
said varied pressures to inhibit arterial flow from 
said portion toward the heart during the periods the 
varied pressures applied are positive. 

5. A method of improving the blood circulation in a 
part of the body of a human being or an animal, com- 35 
prising: 

(a) enclosing a part of a body to be treated in a 
chamber; 

(b) sealing said part in said chamber; 

(c) filling said sealed chamber with liquid; 40 

(d) applying negative pressure pulses to all of said 
liquid to tend to pull arterial blood from the heart; 
and 

(e) applying localized pressure on a near-surface vein 
downstream of a portion of said part to be affected 45 
by said negative pulses during the period said pulses 
are applied to assist the action of the veiii check 
valves. 

6. A method of improving the blood circuIaticHi in a 
part of the body of a human being or an animal, com- 50 
prising: 

(a) enclosing a part of a body to be treated in a 
chamber; 

(b) sealing said part in said chamber without sub- 
stantially affecting the circulation in said part; 55 

Cc) filling said sealed chamber with liquid; 

(d) applying alternate negative and positive pressure 
pulses to all of said liquid; 

(e) applying localized pressure during said positive 
pulses on said body adjacent said part to an artery 60 
extending in said part to inhibit arterial flow from 
said part toward the heart; and 

(f ) applying localized pressure to a vein adjacent said 
part during said negative pulses. 

7. A method of improving the blood circulation in a 65 
part of the body of a human being or an animal, com- 
prising: 

(a) applying alternate negative and positive pressure 
pulses ambient and to a part of a body; 

(b) applying localized pressure to a vein adjacent said 70 
part during said negative pulses; and 

(c) applying localized pressure on said body adjacent 
said part to an artery extending into said part to 
inhibit arterial flow from said part toward the heart 
during said positive pulses. 75 



8. A method of improving the blood circulation in a 
part of the body of a human being or an animal, com- 
prising: 

(a) enclosing a part of a body to be treated in a 
chamber; 

(b) said chamber conforming to the shape of said part 
therein and the interior surfaces of said chamber 
being in juxtaposition with corresponding surfaces 
of said part; 

(c) sealing said part in said chamber without sub- 
stantially affecting the circulation in said part; 

(d) filling said chamber with a gas; 

(e) applying positive pressure pulses to said gas within 
said chamber; and 

(f ) applying localized pressure on said body to an 
artery extending in said part to inhibit arterial flow 
from said part toward the heart during said positive 
pulses. 

9. A method of improving the blood circulation in a 
part of the body of a human being or an animal, com- 
prising: 

(a) enclosing a part of a body to be treated in a 
chamber; 

(b ) said chamber conforming to the shape of said part 
therein and the interior surfaces of said chamber 
being in juxtaposition with corresponding surfaces 
of said part; 

(c) sealing said part in said chamber without sub- 
stantially affecting the circulation in said part; 

(d) filling said chamber with a gas; 

(e) applying alternate negative and positive pressure 
pulses to said part by applying said pulses to said 
gas; 

(f) applying localized pressure during said positive 
pulses on said body to an artery extending in said 
part to inhibit arterial flow from said part toward -the 
heart; and 

(g) applying localized pressure to a vein extending in 
said part during said negative pulses, 

10. The combination of a variable liquid pressure de- 
vice for affecting circulation in a part of the body of a 
human being or an animal, and means for controlling 
pulsating flow of blood in said part, comprising: 

(a) a chamber for containing a liquid under pressure, 

(b) said chamber having an opening adapted to re- 
ceive a part of a body; 

(c) a seal being formable at said opening in contact ; 
with said body to close said chamber, said seal ap- 
plying a pressure low enough to said part so. as to 
not substantially affect the circulation in said part; 

(d) means to fill said chamber with liquid after said 
oppning is closed; 

(e) means to apply positive pressure pulses to all of 
said liquid; and 

(f ) means adapted to provide a localized pressure on 
an artery extending in said part to occlude arterial 
flow from said part toward the heart during the 
period of said pUlses. 

11. The combination of a variable liquid pressure de- 
vice for affecting circulation in a part of the body of a 
human being or an animal, and means for controlling 
pulsating flow of blood in said part, comprising: 

(a) a chamber for containing a liquid under pressure, 

(b) said chamber having an opening adapted to re- 
ceive a part of a body; 

(c) a seal being formable at said opening in contact 
with said body to close said chamber, said seal ap- 
plying a pressure low enough to said part so as to 
not substantially affect the circulation in said part; 

(d) means to fill said chamber with liquid after said 
opening is closed; 

(e) means to apply alternate positive and negative 
pressure pulses to all of said liquid; 

(f) means adapted to provide a localized pressure on 
an artery extending in said part to inhibit arterial 
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flow from said part toward the heart during the (a) enclosing a part of a body to be treated in a 
period of said positive pulses; and chamber; 
(g) means adapted to provide a localized pressure to (b) sealing said part in said chamber; 
a vein extending in said part during the period of (c) filling said sealed chamber with liquid; 
said negative pulses, to assist the action of the vein 5 (d) varying the pressure of all of said liquid alternate- 
check valves. ly positively and negatively a predetermined amount 

12. The combination of a variable gas pressure device at a predetermined rate; and 

for affecting circulation in a part of the body of a human (e) occluding an artery to said part at a point up- 
being or an animal, and means for controlling pulsatory stream of a portion of said part to be affected by 
flow of blood in said part, comprising: jO said varied prcssur&s to close said artery and to pre- 

(a) a chamber for containing a gas underpressure and vent reverse flow toward the heart in said artery 
having an opening to receive a part of a body, during the periods the varied pressures applied are 

(b) said chamber being adapited to conform to the positive, and without restricting the normal direction 
shape of said part and the interior surfaces of said flow toward the heart of the blood in the part down- 
chamber being adapted to be in juxtaposition with 15 stream of said point. 

corresponding surfaces of said part; 16. A method of improving the blood circulation in a 

(c) a seal being formable at said opening in contact part of a body of a human being or an animal, com- 
with said body to close said chamber, said seal ap- prising: 

plying a pressure -low enough to said part so as to (a) enclosing a part of a body to be treated in a 

not substantially affect the circulation in said part; 20 chamber; 

(d) means to All said chamber with gas after said (b) said chamber conforming to the shape of said part 
opening is closed; therein and the interior surfaces of said chamber 

(e) means to apply positive pressure pulses to said being in juxtaposition with corresponding surfaces 
gas in said chainber; and of said part to provide a minimum of space between 

(f ) means adapted to provide a localized pressure on 25 said surfaces; 

an artery extending in said part to inhibit arterial (c) sealing said part in said chamber; 

flow from said part toward the heart during the (d) filling said chamber with a gas; 

period of said positive pulses. (e) applying positive pressure pulses to said gas with- 

13. The invention according to claim 12 including: in said chamber; and 

(a) means to apply negative pressure pulses to said 30 (f ) occluding an artery to said part at a point up- 
gas alternately with said positive pressure pulses; and stream of a portion of said part to be affected by 

(b) means adapted to provide a localized pressure to said pressure pulses to close said artery and to pre- 
a vein extending in said part during the period of vent reverse flow toward the heart in said artery 
said negative pulses to assist the action of the vein during the periods of isaid positive pressure pulses 
check valves. 35 and without restricting the normal direction flow 

14. A method of improving the blood circulation in a toward the heart of the blood in the part downstream 
part of the body of a human being or an animal, com- of said point. 

prising: 

(a) applying a positive pressure pulse to a part of a References Cited by the Examiner 
body to improve the normal direction flow in an 40 UNITED STATES PATENTS 
artery, the capillaries, and the veins in said part; and on-^o^R /t/io^or^ 

(b) occluding said artery to said part at a point up- 253I074 11/1950 MuL '™ 

stream of a portion of said part to close the artery inoAoit ^/i o^^ at t — Jof 

and to prevent reverse flow toward the heart in said 3,094,983 6/1963 MacLeod , 128—40 

artery during said pressure pulse, and without re- 45 FOREIGN PATENTS 

stricting the normal direction flow toward the heart 275,844 8/1927 Great Britain, 
of the blood in the part downstream of said point. 

15. A method of improving the blood circulation in a RICHARD A. GAUDET, Primary Examiner, 
part of the body of a hijman being or an animal, com- t Txr tt> a m • . * 1? 

prising: 50 ^^^-^^7 ^^ststant Examiner. 
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23 Claims. (CI, 128—40) 

This invention relates .generally to a method and ap- 
paratus for producing rapid and rhythmic pressure varia- 
tions within parts of the human body or of animals for 
the purpose of affecting the metabolism of the parts so 
treated. Treatment according to the invention provides 
beneficial and corrective results in the muscular, vascular, 
nervous, lymphatic and skeletal systems. 

In the prior -art, it has been attempted to produce pres- 
sure variation, particularly in the limbs, by varying the 
pressure of a gas within a closed chamber. Since such 
a pressure variation involves the addition or removal of 
the gas, usually air, the rate of rise or fall of pressure 
within the chamber has been relatively slow and the con- 
sequent pressure variation in the body part has been 
as -slow or slower. For example, to reduce the pressure 
by one half requires the removal of one half of the gas 
volimie. In -addition, the variation of pressure in the gas 
surrounding the limb has produced corresponding and 
unavoidable variations in temperature, and these varia- 
tions are generally undesirable during a particular treat- 
ment. 

Further, according to the present invention, it has been 
found desirable that the cycle of pressure variation in the 
chamber should be similar or related to that of the heart. 
However, in the prior art, where gas has been used, the 
rate of cyclic operation has been usually 15 to 50 seconds 
or more per cycle whereas the heart beat produces in- 
ternal fluctuations of pressure in the order of one beat 
per second. 

It is also known that while blood will flow compara- 
tively unrestrictedly away from the heart through the 
main arteries, it is prevented from moving away from 
the heart through the main veins by a system of check 
valves. Hence, any reduction in pressure in the distant 
parts of the human body will tend to increase the flow of 
blood through the arteries, but will have slight effect upon 
the veins because of the check valves. Indeed, the 
presence of these check valves in the veins will cause all 
externally produced pressure fluctuations on the venous 
side to be translated into increased rate of flow towards 
the heart. Further, if pressure reduction in the distant 
parts of the body is pulsed at a rate corresponding to the 
delivery of blood to the arteries from the heart, according 
to the invention, it will help such blood flow significantly. 

In adult human beings, for example, variations in 
pressure in the body, and particularly diminished pressure 
in the extremities, produce a definite improvement in 
arterial circulation. This effect has been known for al- 
most 150 years and many attempts have been made to 
enhance this general improvement. However, all of 
these have used relatively long cycles of rhythmic pressure 
variation in the obviously convenient use of a gas, such 
as air, as the surrounding medium. None have used a 
complete, substantially gas-free liquid medium or have 
contemplated very fast fluctuations of the pressure of the 
order of the heart beat rate or greater, nor have they 
contemplaed very sudden changes in pressure to an ex- 
treme where actual cavitation could occur. In tihe prac- 
tice of this invention, very sudden pressure; changes suf- 
ficient to induce pressure waves in the liquid medium 
and in the body are used. Further, extremes of pressure 
drop are proposed to induce momentary and microscopic 
cavitation, or bubble formation, in the blood, with almost 



immediate readsorption, the dwell of this low pressure be- 
ing relatively short. Such cavitation is favored by the sud- 
den lowering of pressure but in the absence of hydro- 
phobic surfaces, which are generally not present in the 

5 human body, gas bubbles will rapidly disappear. 

The general effect of my invention is to produce at will 
intense and rapid pressure vibrations of such control- 
lability in time and point of origin as to create focus- 
ing effects, and also of such a generally efficient nature 

10 as to stimulate, not only the circulation of the blood, but 
also the metabolism of the individual organs and ceUular 
tissue. 

It will be appreciated that such rapid vibrations will 
-affect the character of tissue and particularly of mem- 
15 branes and cell waUs in such a way as to increase the 
rate of osmosis and other liquid phenomena associated 
with metabolic processes. 

It is an object of the present invention to provide an 
improved method and apparatus for improving the me- 
20 tabolism of parts of human bodies or animals to produce 
beneficial and corrective results in the muscular, vascular, 
nervous, lymphatic and skeletal systems. 

It is another object of the invention to provide pres- 
sure changes within a body at a rate as great or greater 
25 than that resulting from the operation of the normal heart 
and to provide these changes in pressure in cycles as rapid 
as those of the average heart beat in normal operation 
and even in fibrillation. 

It is a further object of this invention to produce pres- 
30 sure drops in portions of the body being treated, synchro- 
nized with the arrivEd of the pressure pulse from the 
heart beat in the arteries in said portions of the body. 

It is another object of this invention to impose a cyclic 
pressure variation corresponding to the normal heart beat 
35 when the heart is in fibrillation -and so induce the heart 
to return to normal rhythmical action. 

It is still another object of the invention to provide 
within a body not only a rate of pressure rise or fall 
greater than accomplished by pneumatic methods, but also 
40 to provide very great pressure differences for very short 
periods of time. 

It is a further object of the invention to provide rapidly 
changing pressures so as to create positive (high pressure) 
and negative (rarefaction) pressure waves which can be 
45 made to travel through the various parts of the body 
under treatment. 

It is a still further object of the invention to provide 
within a body being treated, small amplitude shock waves, 
using positive and negative pressure variations alone or 
60 in alternating sequence of positive and negative waves. 

It is another object of the invention to create a series 
of pressure waves at various points in a pressure chamber 
and at controlled intervals so that a focusing action can 
be obtained at a depth within a body being treated to pro- 
65 foundly affect a particular zone under treatment. 

It is still another object of the invention to maintain 
a pressure on a part of the body being treated at a con- 
stant level, other than atmospheric, and to induce 
rhythmic pulsations in pressures above or below, or above 
60 and below the constant pressure. 

It is a further object of the invention to provide in 
a treating chamber relatively slow rhythmic change in 
pressure and to superimpose upon the latter sharp, staccato 
fluctuations in pressure. 
65 It is a still further object of the invention to provide 
in a liquid pressiure chamber vibratory pulsations at rates 
between 100 and more than 20,000 vibrations per second. 

It is another object of the invention to maintain the 
portion of the body being treated in a liquid pressure 
70 chamber under a constant temperature. 

It is still another object of the invention to stimulate 
metabolic processes in the portion of the body being 
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treated by increasing molecular movement of tissues 
therein in a predetermined manner. 

It is a further object of the invention to provide a treat- 
ment chamber having curved inner surfaces which can be 
used to generate pressure waves at a multiplicity of points 
so that a deep-seated focus of wave energy will result. 

It is a further object of the invention to provide a 
cycle through a multiplicity of generative pressure pulse 
points of origin by progressive stimulation of waves at 
very short (microsecond) intervals so as to cause ^ an 
aforesaid deep-seated focus to move in any desired 
manner. 

Another object of the invention is to provide an appa- 
ratus and method for stimulating and assisting general 



10 



ber by means of expandable tube 13 attached to the 
chamber, and which is shown to be inflated so as to be 
in snug, sealing contast with the periphery of the leg. 
The tube 13 may be inflated by conventional means 
through tube 17. 

The chamber 10 is shown to be filled with a liquid 18, 
such as water, the latter being supplied to the chamber 
after the leg is sealed therein through inlet 19. The 
chamber must be completely filled with the liquid and as 
it is filled, the manometer 20 may serve as the vent means 
to permit aU the air in the chamber to be discharged. 

In order that the temperature of the liquid 18 may 
be maintained at the desired constant temperature, a heat 
exchanger 24 is connected to the chamber by means of a 



blood circulation in a manner so as to relieve the heart 15 I>ipe 25 to which is also connected a circulating pump 



muscles of their work load. This is especially important 
in cases of severe illness, when normally the desired in- 
crease in circulation is affected by increasing the oxygen 
intake, a process which stimulates metabolic action at 
a time that the body is actually functioning to conserve it. 

Still another object of the invention is to cause mechan- 
ical working of smaller blood vessels, particularly the 
capillaries, so that the blood flow and therefore local 



26. The pump is run as necessary to circulate the liquid 
through the heat exchanger. Extending upwardly from 
the chamber and connected thereto is a piezoelectric gauge 
which measures very rapid and small pressure changes 
20 in the liquid. 

At the left end of the chamber in the drawing, is a 
cylinder 31 having a reciprocating piston 32 therein. 
One end of the cylinder is connected to the chamber by 
a tube 33 so that movement of the piston 32 will change 



basic metabolism, will be improved. This result is par- -.u- ,u u u rru u i^u^ r^^u^r- 

ticularly important as a means of combating the reduction 25 the pressure within the chamber. Through the other end 
in the "tone'' of the blood vessels, the deteriorating con- of Jhe cylmder extends a f^stM/^d 34, conn^^^^^ 
dition which is progressive with age in the adult human " *" 

being, and which is due to the progressive reduction of 
the diameter of blood vessels and the thickening of the 
walls of the blood vessels that occurs with increasing age. 

Further objects and advantages of the invention may be 
brought out in the following part of the sjpecification 
wherein small details have been described for the com- 
petence of disclosure, without intending to limit the scope 
of the invention which is set forth in the appended claims. 

'Referring to the accompanying drawings, which are 
for illustrative purposes only: 

FIG. 1 is a side elevational view, partially in cross 
section, of an apparatus according to the present invention 



piston 32. The rod 34 has its outer end 38 rotatably 
secured to a connecting rod 39 having its one end 4® 
rotatably secured to an eccentric pin 41 secured on a 
30 wheel 44 and driven by motor 45, Thus, the operation of 
the rtiotor rotates pin 41 so as to reciprocate rods 39 
and 34 and the piston 32. The piston may be adjusted 
with a starting position either with a zero gauge pres- 
sure or a constant positive or negative pressure, and any 
35 movement of the piston will then either increase the 
pressure in chamber 10 or decrease it. 

In FIG. 3, there is a chamber 10«, similar to chamber 
10, having at its left end in the drawing and sealingly 
engaged therewith, a flexible diaphragm 46. Attached 



FIG.' 2 is a cross sectional view taken as indicated by 40 to the diap:hragm is a spring 47. At the outer end of the 



the line 2— 2 in FIG. 1; 

FIG. 3 is a fragmentary cross sectional view of another 
embodiment of the invention; 

FIG. 4 is a view of an embodiment of the invention. 



spring is attached a rod 34a supported in a bearing 50' 
and having its outer end 38 secured to be reciprocated 
by connecting rod 39, driven by the motor 45. 

Here, if the spring 47 is a tension spring, it can be 



similar to that in FIG. 3, and havmg another type of 45 set to provide a permanent suction on the chamber lOa, 

and which in FIG. 3 can be increased by rotation of the 
wheel 44 180 degrees and then: again decreased to the 
low suction. Similarly, if a compression spring is used. 



actuating means; 

FIG. 5 is a side elevational view of still another embodi- 
ment of the invention, having a plurality of pressure 



varying means; - -xi. ~ • j j j j 

FIG. 6 is a cross section^ view taken as indicated by 50 can be either mcreased or decreased, dependmg upon 



a permanent pressure can be exerted in the tank and this 



the line 6—6 in FIG. 5; 

FIG. 7 is a cross sectional view of a liquid containing 
chamber, similar to that in FIG. 1, and illustrating pres- 
sure waves of different magnitude induced around the 

periphery of the chamber; 

FIG. 8 is a fragmentary cross sectional view taken as 
indicated by the line 8—8 in FIG. 7; 

FIG, 9 is a graphical representation of pressures effected 
by the invention on a body, the pressures being corriprised 
of a low constant negative and a high pulsed negative; 

FIG. 10 is a graphical illustration of typical pressure 
variations for use with a 60-beat per minute heart pulse; 

FIG. 11 is a graphical illustration of the use of three 
variations in pressure — a constant negative pressure; a 



starting position. If the spring 47 in FIG. 3 were a 
compression spring, the highest pressure in tank lOa 
would be exerted in the position shown in FIG. 3. 

In FIG. 4, the chamber and spring are the same as in 
65 FIG. 3. Here, however, the outer end 38 of the rod 34a 
is secured for rotation on a pin 51 which extends into 
and is loosely fitted in a circular groove 52 in wheel 53 
which is adapted to be rotated by the motor 45. Since 
groove 52 is eccentric relative to the rotation of wheel 
60 53, as the latter is rotated the pin 51 will be moved by 
the rotating groove 52 so that the rod 34a :and the spring 
47 will be reciprocated, the pin having a constant ver- 
tical position. 

In FIGS. 5 and 6, another embodiment of the inven- 



deep, sharp, short dwell negative pressure; and a slow, 65 tion is illustrated. Here, a chamber 57 is provided to 
medium negative pressure; and 

FIG. 12 is a graphical representation of the Use of a 
constant negative pressure interspersed with high, short, 
positive pressures and relatively slow and easy negative 
pressures, 70 

Referring now to the drawings, in FIG. 1 there is shown 
an open-ended, elongated chamber 10, having an elliptical 
cross section, as shown in FIG. 2, and being adapted 
to receive in its open end 11 the substantial portion of a 
human leg 12. A seal is formed so as to close the cham- 75 



receive both legs and a portion of the body 58 up to 
approximately the waist line about which the sealed tube 

59 is snUgly fitted, the seal being secured in the opening 

60 of the chamber. 

The chamber has a raised, central upper portion ter- 
minating in an air bleed-off tube 64. Thus, as the cham- 
ber is filled with a liquid 61 through inlet 62, the liquid 
being under pressure, -all of the air vvill be forced out of 
the highest point of the chamber through the tube 64. 

In FIG 5, thrise separate pressure variation means are 
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provided. On the left end of the tube is a flexible dia- 
phragm 46, as illustrated in FIGS. 3 and 4. In this ar- 
rangement, the end of the connecting rod 38 is on a pin 
65 extending into a groove 66 which provides a cam fol- 
lowing path for the cam 67, formed by cutting the groove 
in a wheel 70 which is rotated by the motor 45. In the 
position shown in FIG. 5, any rotation of the wheel 70 
will cause the diaphragm to move to the left and thus 
exert a suction on the chamber so as to reduce the pres- 
sure therein. As can be seen from the shape of the cam 
67, the movement of the diaphragm will be slight but 
relatively rapid. 

Extending from the lower end of the chamber 57 ad- 
jacent the diaphragm is a cylinder 71 having therein an 
adjustably-fixed piston 72. The piston is fixed in position 
for any particular operation, either to exert a constant 
negative or a constant positive pressure within the cham- 
ber and on the body being treated. The adjustment of 
the piston may be made, for example, by the rotational 
adjustment of a rod 73 threadedly engaged in the cylin- 
der 'and connected to the piston. 

Adjacent the open end of the chamber 57 is a second 
cylinder 76 having therein la reciprocating piston 77. 
The piston 77 is held in a normally up position by means 
of a spring 78, as shown, if it is to exert an increasing 
negative pressmre, or if it is to exert a positive pressure, 
it is held downweirdly by a spring. Here, a piston rod 
79 forms a core of a solenoid coil 80. 

The solenoid 80 is actuated by an electromechanical 
means comprised of a motor 81 and its shaft 82, which 
drives a rotary switch S3 having a plurality of contacts 
84. Also secured to the shaft 82 is a continuous elec- 
trical contact roller 87 which forms part of the solenoid 
circuit 88, connected to a solenoid operating power sup^ 
ply. Thus, as the motor drives the rotary switch, con- 
tinuous contact is made by lead 89 with the roller 87, the 
latter being connected to contacts 84, and the solenoid 
is operated as the circuit is closed when any one of the 
contacts 84 moves into alignment with lead 90. 

The operation of the solenoid causes the piston 77 to 
move downwardly and to exert a sharp, negative pressure 
within the chamber 65 and on the part of the body being 
treated. As can be seen from the switch 83, the period 
of the negative pressure increase is very short but it 
occurs at a high frequency. 

In FIGS. 9-12, the effects of the operation of the pis- 
tons or diaphragms in the foregoing embodiments are 
shown graphically. For example, if the piston 32 in 
FIG. 1 or the diaphragms 46 in FIGS. 3 and 4 had a 
presetting of a low constant negative pressure, this pres- 
sure would be indicated in FIG. 9 in the low constant 
negative pressure line. Then, when the piston or dia- 
phragm was moved outwardly av/ay from the chamber 
at a rapid rate for a fraction of a second, once a second, 
a high negative pressure, as indicated in FIG. 9, would 
be produced for a very short period of time, the maxi- 
mum being reached when the piston or diaphragm had 
been moved its greatest aimount. It should be noted Ihat 
the slight movement of a very small piston can produce 
a very , large variation in pressure when the chamber is 
susbtantially entirely filled with liquid. 

As previously described, the structiu-e in FIG. 5 may 
vary the pressure in three different ways at three dif- 
ferent amounts for three different periods. One method 
of operation of this structure is shown ia' FIG. 10 where 
the diaphragm 46 is indicated to be at a normal zero 
pressure, as indicated by the line A, and when actuated 
creates the rather gradual dip having its nadir at B. A 
constant negative pressure can be applied by the piston 
72 and a slow drop in pressure, as indicated by the line 
D, can be applied by the piston' 77, the length of the 
low pressure being determined by the relatively slow 
rate of the movement of the rotary switch 83 in FIG. 5. 

The pressure variations in the graph shown in FIG. 11 
can also be accomplished by the structure shown in FIG. 



5 where a constant pressure, indicated by the line E, can 
be applied by the piston 72. Then, by having a rapid 
switch 83, with a fast pulling solenoid coil 80, the high 
negative pressure G can be applied at frequent intervals 
5 during a second. The third pressure variation can be 
applied by the actuation of diaphragm 46, such actua- 
tion as indicated by the shape of the graph being rela- 
tively slow. 

The pressure variation shown in the graph in FIG. 12 

10 could also be accomplished by the structure shown in 
FIG. 5 with some modification. Here, the line E' repre- 
sents the negative pressure applied by the piston 72; the 
line F' indicates the negative pressure applied by the op- 
eration of the diaphragm 46; and the high positive pres- 

15 sure could be applied by the piston 77 with a constantly 
energized solenoid 80 having the spring 78 to push the 
piston up and increase the pressure when the solenoid was 
deenergized. Another way of accomplishing the same 
iresult would be by having a constant negative pressure 

20 E' applied by the spring 47 on the diaphragm 46 and 
by varying operation of the diaphragm by the actuation 
of rod 34a so as to create the pressure indicated by line 
F', and then operating the piston 72 at a very rapid rate 
for a short period to produce the pressure indicated by 

25 the line G'. In such an installation, the piston 77 would 
not be necessary. 

In FIGS. 7 and 8, another embodiment of the inven- 
tion is illusfcrated. Here, the chamber 93 is cylindrical 
and is shown only in cross section. Mounted on the 

30 chamber and generally evenly spaced with respect to its 
circumference are three solenoids 94. Inwardly of each 
solenoid is a diaphragm 95, as best seen in FIG. 8. Each 
solenoid has a core 96 adapted to be moved radially in- 
wardly by a spring 99 when the solenoid is deenergized. 

S5 In operation, the solenoids are successively operated 
so as to induce pressure waves of various amounts, as in- 
dicated in FIG. 7, by 100, 101 and 102. Such a series 
of pressure waves at the various points and at controlled 
intervals creates a focusing action at a depth within the 

40 ibody to aifect the particular zone profoundly. 

It will be appreciated that while the drawings show 
the treatment of a leg and lower body, other parts of 
the body can be so treated. For instance, an arm can 
ibe so treated. In fact, by providing a suitable breathing 

45 mask and ear plugs to avoid damage to the ear drums, 
the entire body can be treated. In particular, the ad- 
vantage of stimulating blood flow in the cranial blood 
vessels is obvious in cases where reduction in flow can 
cause impairment of mental functions and in the case of 

50 elderly patients, can produce a condition of senility. 

It will be further appreciated that the operation of 
the device in a room at atmospheric pressure will hmit 
the reduction of pressure to a minimum of one at- 
mosphere, whereas if the device and the patient are 

55 totally enclosed in an air-filled pressurized chamber where 
the pressure is maintained at, for instance, from one 
pound per square inch to fifty pounds per square inch in 
excess of atmospheric pressure, then the limit of reduc- 
tion of pressmre applied by the device to the patent can 

60 be increased to a maximum r^resented by the sum of 
the current atmospheric pressure and the over-pressure of 
the chamber. 

Conversely, it is obvious that if the pressure in such 
chamber is reduced below that of the atmosphere, e.g. 
65 to only seven pounds per square inch, then the limit of 
extra negative pressure which the machine can apply to 
the part of the body being treated is the pressure in the 
said chamber. 

Again, it will be appreciated that the control of pres- 
70 sure variations of the device can be associated 'With the 
heat beat of the patient by the use of a sensing device near 
the heart which can control the application of pressure 
variation to the part of the body being treated. Such 
a sensing device could be a small microphone pick-up 
75 which would operate the controls with a suitable delay. 
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measured in milliseconds, to produce a negative pressure 
at tiie part of the body being treated, such negative p!res- 
sure coinciding with or slightly anticipating or lagging the 
arrival of the positive pressure pulse from the heart in 
the arteries at that location. 5 
I cl aim : 

1. In ia variable, liquid pressure device for -affecting 
the metabolism of parts of the body of human beings or 
animals, a chamber for containing a liquid under pres- 
sure; said chamber having an opening adapted to receive 
a part of a body; a seal being formable at said opening 
in contact with said body to close said chamber; means to 
fill said chamiber with liquid after said opening is closed; 
and means to vary the pressure of all the liquid in the 
chamber. 

2. In a variable, liquid pressure device for affecting the 
metabolism of parts of the body of human beings or 
animals, a chamber for containing a liquid under pres- 
sure; said chamber having an opening adapted to receive 
a part of a -body; a seal being formable at said opening 
in contact with said 'body to close said chamber; means 
to fill said chamber with liquid after said opening is 
closed; and means to vary the pressure of >all the liquid 
in the chamber and to vary the pressure of liquids in the 
part of the body. 

3. In a variable, liquid pressure device for afBecting the 
metabolism of parts of the body of human beings or 
animals, a chamber for containing la liquid under pres- 
sure; said chamber having an opening adapted to receive 
a part of a hody; a seal being formable at said opening 
in contact with said body to close said chamber; means 
to fill said chamber with liquid after said opening is 
closed; means to vary the pressure of all the Liquid in 
the chamber; and means in communication with said 
chamber to maintain the liquid therein at a predetermined 
temperature. 

4. In a variable, liquid pressure device for affecting 
the metabolism of parts of the body of human beings or 
animals, a chamber for containing a liquid under pres^- 
sure; said chamber having aa opening adapted td. reeeive 
a part of a body; a seal being formable a;t said open- 
ing in contact with said -body to dose said chamber; 
means to fill said chram/ber with liquid after said opm- 
ing is closed; and means to provide variable pressure 
changes of all the liquid in said chamher and at various 
rates. 

5. In a variable, liquid pressure device for affecting 
the metabolism of parts of the body of human beings or 
animals, a chamber for containing a liquid under pres- 
sure; said chamber having an opening adapted to receive 
a part of a body; a seal being formable at said opening 
in contact with said body to close said chiamber; means 
to fill said chamber with liquid after said opening is 
Closed; and means to vary the pressure of a constant vor- 
ume of liquid in communication with said chamber. 

6. In a variable, liquid pressure device for affecting the 
metabolism of parts of the body of human beings or ani- 
mals, a chamber for containing a liquid under pressure; 
said chamber having an opening adapted to receive a part 
Of a body; a seal being formable at said opening in Coiitact 
with said body to close said chamber; means to fill Said 
chamber with liquid after said opening is closed, said seal 
including a tube defining said opening, said tube being 
expandable to be snugly fitted aroiind said body part; and 
means to vary the pressure of all the liquid in the chamber. 

7. In a variable, liquid pressure device for affecting the 
metabolism of parts of the body of hiunan beings or ani- 
mals, a chamber for containing a liquid imder pressure; 
said chamber having an opening adapted to receive a part 
of a body; a seal being formable at said opening in contact 
with said body to close said chamber; means to fiH said 
chamber with liquid after said opening is closed; means to 
vary the pressm'e of all the liquid in the chamber, said 
means including a cylinder in communication with- siaid 
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chamber; a piston in said chamber; and power means to 
rieciprdcate said piston in said cylinder. 

8. Ia a variable, liquid pressure device for attecting the 
metabolism of parts of the body of human beings or ani- 
niats, a chamber for containing a liquid under pressure; 
said chamber having an opibnirig adapted to receive a part 
of a body; a seal being formable at said opening in contact 
with said body to close said chamber; means to fill said 
Chamber with liquid after said opening is closed; and 

10 means to vary the pressure of all the liquid in the cham- 
ber, said means including a flexible member forming a 
portion of a wall of said chamber and means to move said 
member toward and away from said chamber. 

9. In a variable, liquid pressure device for affecting the 
15 metabolism of parts of the body of human beings or ani- 
mals, a chamber for containing a liquid under pressure; 
said chamber having an opening adapted to receive a pai't 
of a body; a seal being fdrmable at said opening in con- 
tact with said body to close Said chamber; means to fill 

20 said chamber with liquid after said opening is closed; fn-st 
means to vary the pressure of all the liC[uid in the chamber 
a predetermined amount at a predetermined rate; and sec- 
ond means to vary the pressure of all the liquid in the 
chamber a greater predetermined amount €£t a greater pre- 
25 determined rate than said first means. 

10. Hie invention according to claim 9 including means 
to apply a constant negative pressure on all the liquid in 
the chamber. 

11. In a variable, liquid pressure device for affecting 
30 the metabolism of parts of the body of human beings or 

animals, a chamber for containing a liquid under pressure; 
said chamber having an opening adapted to receive a part 
of a body; a seal being formable at said opening in contact 
with said body to close said chamber; means to fill said 
35 chamber with liquid after said opening is closed; and 
means to vary the pressure of all the liquid in: the cham- 
ber, said means including a plurality of flexible imtembers, 
each forming a portion of a wall of said chamber, and 
operating means to move said members reia-tive to said 
40 chamber in a cycle of increasing amounts of movement at 
successive intervals. 

12. A method of affecting the metabolism of parts of 
the body of human beings or animals comprising: enclos- 
ing a part of a body to be treated in a chamber; sealing 

45 said part in said chamber; filling- said sealed chamber with 
liquid; and varying the pressure of all of said liquid a 
predetermined amount at a predetermined rate. 

13. A method of affecting the metabolism of parts of 
the body of human beings or animals comprising: enclos- 

50 ing a part of a body to be treated in a chamber; sealing 
said part in said chamber; filling said sealed chamber with 
liquid; and applying predetermined positive and negative 
pressures ta all of said liquid at predetermined rates. 

14. A method of affecting the metabolism of parts of 
55 the body of human beings or animals comprismg: enclos- 
ing a part of a body to be treated in a chamber; sealitig 
said part in said chamber; fiHin^g said sealed chamber with 
liquid; and producing sm^ali amplituide shock waves in all 
of the liquid at predetermined rates. 

60 15. A method of affecting the metabolism of parts of 
the body of human beings or animals comprising: enclos- 
ing a part of a body to be treated in a chamber; sealing 
said part in said chamber; filling said sealed chamber with 
liquid; applying a constant pressure in all of the liquid; 
65 and inducing rhythmic pulsations to create different pres- 
sures in all of the liquid. 

16. A method of affecting the metabolism of parts of 
the body of human beings or animals comprising: enclos- 
ing a part of a body to be treated in a chamber; sealing 
70 said part in said chamber; filling said sealed chamber with 
liquid; varying the pressure of all of said liquid a pre- 
determined amount at a predetermined rate; and super- 
imposing on said rate sharp staccato fluctuations in pres- 
sure. 

75 IV. A metliod of affecting, the metabolism of parts of 
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the body of human beings or animals comprising: enclos- 
ing a part of a body to be treated in a chamber; sealing 
said part in said chamber; filling said sealed chamber with 
liquid; and maintaining vibratory pulsations in all of the 
liquid at rates between 100 and more than 20,000 vibra- 5 
tions per second. 

18. A method of affecting the metabolism of parts of 
the body of human beings or animals comprising: enclos- 
ing a part of a body to be treated in a chamber; sealing 
said part in said chamber; filling said sealed chamber with 10 
liquid; maintaining the liquid at a substantially constant 
temperature; and varying the pressure of all of said liquid 
a predetermined amount at a predetermined rate. 

19. A method of affecting the metabolism of parts of 
the body of human beings or animals comprising: enclos- 
ing a part of a body to be treated in a chanaber; sealing 
said part in said chamber; filling said sealed chamber with 
liquid; varying the pressure of all of said liquid a pre- 
determined amount at a predetermined rate; and increas- 
ing the molecular movement of tissues in said part of the 20 
body. 

20. A method of affecting the metabolism of parts of 
the body of human beings or animals comprising: enclos- 
ing a part of a body to be treated in a chamber; sealing 
said part in said chamber; filling said sealed chamber with 
liquid; and generating pressure waves at a plurality of 
points in said liquid so that a deep-seated focus of wave 
energy results. 

21. A method of affecting the metabolism of parts of 
the body of human beings or animals comprising: enclos- 
ing a part of a body to be treated in a chamber; sealing 
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said part in said chamber; filling said sealed chamber with 
liquid; generating pressure waves at a plurality of points 
in said liquid so that a deep-seated focus of wave energy 
results; and cycling said pressure waves by progressive 
stimulation at microsecond intervals to cause said focus 
to move in any desired manner. 

22. A method of affecting the metabolism of parts of 
the body of human beings or animals comprising: enclos- 
ing a part of a body to be treated in a chamber; sealing 
said part in said chamber; filling said sealed chamber with 
liquid; and varying the pressure of all of said liquid a 
predetermined amount at a rate at a multiple of the heart 
beat of the body being treated. 

23. A method of affecting the metabolism of parts of 
the body of human beings or animals comprising: enclos- 
ing the entire body in a pressurized air-filled chamber; 
enclosing a part of said body to be treated in a smaller 
chamber within said air-filled chamber; sealing said part 
in said smaller chamber; filling said smaller chamber with 
liquid; and varying the pressure of all of said liquid a 
predetermined amount at a predetermined rate. 
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ABSTRACT 



The invention presents an apparatus and a method for core 
body warming of hypothermic mammals. The apparatus has 
an enclosing element to be placed around a predetermined 
body portion of a mammal in a vacuum-tight manner and a 
vacuum system connected to the enclosing element for 
generating and maintaining a predetermined negative 
pressure, preferably between -20 mmHg and -80 mmHg, 
inside the enclosing element A heating unit delivers a 
thermal energy while the vacuum system is maintaining the 
predetermined negative pressure. The simultaneous applica- 
tion of thermal energy and negative pressure produces 
vasodilation which promotes absorption of the thermal 
energy through the surface of the body portion. The drcu- 
latocy system of the Tnammfll naturaUy carries the thermal 
energy to the core body of the mammal. 

20 Claims, 3 Drawing Sheets 
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APPARATUS AND METHOD FOR CORE 
BODY WARMING OF MAMMALS 
EXPERIENCING HYPOTHERMIA 

BACKGROUND 

1. Held of tiie Invention 

The present invention relates to the field of thermal 
thera|>eutic applications, and in particular to core body 
warming in the treatment of hypothennia. 

2. Description of Prior Art 

Hypothennia results from exposure to conditions where 
the body cannot generate sufficient heat to compensate fear 
the body heat lost to the environment. Hypodiermia impedes 
ncrnnal bodily functions and, if not reversed, can lead to 
death. Shivering and peripheral vasoconstriction are the 
body^s primary physiologic mechanisms for genoating and 
conserving heat, respectively. 

Hypofhermia occurs in conditions where the body is 
exposed to ambient temperatures weU below normal physi- 
ologic temperature sudi as immerdcMi in cold water. Hypo- 
tiiermia also results from the administration of general 
anesthesia. Under general anesthesia, mammals lose the 
ability to conserve heat by constriction of peripheral blood 
vessels ("vasoconstriction") or generate heat by shivering 
(**thermogenesis'0 in response to cold challenges. As a 
result, many individuals emerging from general anesthesia 
experience hypothermia, particularly If the time under gen- 
eral anesthesia is prolonged. 

In general, active core rewarming of the body is desired 
following general anesthesia or other pix>longed physiologic 
exposure to cold. Peritoneal dialysis using warming fluids 
can be used in cases of severe hypothermia, but this method 
is invasive and exposes the less severely hypothermic 
patient to unwarranted risks of morbidity and mortality. Less 
severe hypothermia can be treated pharmacologically with 
muscle relaxants, but this intervention decreases shivering 
which, in turn, inq^edes f^ysiologic warming and increases 
the time required to restore normal body ten4>erature. Radi- 
ant heat, warm water, or warm air applied to the skin surface 
alone has only a minimal effect on raising core body 
temperature because peripheral vasoconstriction impedes 
heat transfer from the skin to the body core. Breathing warm, 
humidified air provides some deep body core heating, and 
there are devices commercially available for that purpose. 
Inhalation warming methods, howev^, are relatively slow- 
acting and may require invasive tediniques such as tracheal 
intubation for effective use. 

The challenge has been to develop a means to rapidly, 
safely, and effectively bring the core body temperature to 
within normal f^ysiologic range following general anesthe- 
sia or other prolonged exposures to cold. 

A variety of devices and tediniques are known for the 
therapeutic heating of a part of the body, but these generally 
are neither designed nor adequate for the transmission 
heat to the core of the body. U.S. Pat. No. 4,736,0S8 
describes an electrically driven heating pad and muff struc- 
ture which directs the flow of heat through a laminate to 
produce moist heat on a body member. 

U.S. Pat No. 4,747,409 describes a sleeve that contains 
electric resistance heating elements designed to fit over a 
body extremity for the purpose of dilating blood vessels; and 
U.S. Pat. No. 5,074,285 is a device that encloses a human 
extremity and ^plies static heat to that extremity simulta- 
neously with a gradient pressure applied repeatedly in timed 
sequence from a distal to proximal portion of an extremity. 
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Both of these devices will be ineffective for tiie treatment of 
hypothennia because heat applied to tiie surface of the skin 
in this manner will not allow the heat to penetrate into the 
body core. 

^ Another prior-art device for core body warming uses 
radio frequency waves. U.S. Pat No. 4,685,462 describes an 
jq>paratus that enq>loys mutually inductive first and second 
helical cofls positioned around the torso of a bo<ty to produce 
radio frequency waves that directiy rewarm the core body. 
This device does not have the flexibility to fit around an 
appendage and may interfere with surgical intervention of 
the chest and abdomen. In addition, this device may cause 
disruptive electromagnetic interference in the operating tiie- 
ater or recovery room following general anesthesia. 

IS 

OBJECTS AND ADVANTAGES OF THE 
INVENTION 

With the foregoing in mind^ it is a principal object of this 
2Q invention to provide a safe, non-invasive apparatus and 
method for ^ectively rewarming the core body of patients 
who have undergone general anesthesia or otiierwise have 
developed hypothermia. 

It is another object of this invention to provide a practical 
25 core body warming device which will provide heating 
substantially throughout a central bod^ region containing die 
heart, can be used safely both in a hospital environment and, 
in its most portable form, can be easily attached to a 
hypothmnic victim and be safely used as first-aid in a rescue 
30 operation. 

B is another object of this invention to provide a core body 
heating apparatus wherein the apparatus is automatically 
adaptable to subjects of different size and mass. 

These and other objects and advantages will become more 
apparent after consideration of die ensuing descrq)tion and 
the accompanying drawings. 

SUMMARY OF THE INVENTION 

40 It has been found that by placing a body part such as an 
arm or a leg in a negative pressure environment, it is possible 
to vasodilate the capillary beds in that body part. Once the 
capHlary beds have been vasodilated, thennal energy sup- 
plied to the skin oi that body part is effidentiy transduced 

45 directly to the core body. Since the remainder of the periph- 
eral vasculature remains vasooonstricted, the distribution of 
the heat applied to die vasodilated slsin regions will be 
confined to the core body. 

In particular, the invention presents a core body warming 

so apparatus having an enclosing element, preferably a pliant 
sleeve or tube, which is placed around a predetermined body 
portion of a mammal. Seals establish a vacuum-tight fit 
between the sleeve and the body portion. The apparatus 
further includes a vacuum system connected to the sleeve for 

55 genaating and maintaining a predetermined negative 
pressure, preferably between —20 mmHg and —80 mmHg, 
inside the sleeve. A heating unit, preferably a heating blanJcet 
<»r a set of chemical heating dements, is placed inside the 
sleeve for delivering a thermal energy to the surface of the 

60 body portion. A radiant heat source placed out side the sleeve 
can also be used to deliver the thermal energy. Simulta- 
neously with the delivery of thermal energy the vacuum 
syst^n maintains the predetermined negative pressure. This 
produces the local vasodilation which promotes absorption 

65 of die thermal energy tiirough the surface of the body 
portion. The circulatory system of the mammal naturally 
carries the thermal energy to the core body of the mammal 
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The invention fuither discloses a method fcs- core body 
warming of mammals experiencing hypothermia. The 
method calls for application of the negative pressure ranging 
between -20 irnnHg and —80 mmHg and simultaneous 
deliveiy of thermal energy to the body surface or skin. 
Ftulhermore, the predetermined negative pressure is oscil- 
lated for promoting the transport of the ttiermai energy to the 
core body of the mammal by its own circulatory system The 
particulars relating to both the present apparatus and method 
are explained in detail in the fc^owing description and 
drawings « 

BRIEF DESCRIPnON OF THE DRAWINGS 

The presently preferred embodiments of the invmtion are 
illustrated in the accompanying drawing in which: 

FIG. I is a perspective view of an enclosing structure 
according to the invention. 

FIG. 2 is a perspective view of an altearnative embodiment 
of tiie present invention. 

FIG. 3 is a perspective view of another embodiment of the 
present invention. 

DESCRIPTION 

As shown in FIG. 1, a preferred embodiment of the 
present invention is a core body warming apparatus 10 with 
an enclosing element 12 in the form of a hollow, tubular, 
elongated sleeve. Sleeve 12 is dimensioned to fit around a 
body portion 62, preferably an appendage, as described 
below. In the ^nbodiment illustrated in FIG. 1 appendage 62 
is an arm. 

Sleeve 12 can be made of virtually any non-hazaidous 
mtfexial which retains die requisite shape while the intedor 
of sleeve 12 is maintained at negative pressures. In 
particular, sleeve 12 has to support negative pressures down 
to at least —85 mmHg. In a preferred embodiment sleeve 12 
is made of pliant and elastic materials which can include 
supporting or reinforcing members. This type of constmc- 
tion easily accommodates movements of arm 62 and thus 
provides a hypothermic patient more comfort and freedom 
In the present embodiment sleeve 12 is a neoprene- 
impregnated polyester sheath supported on a spring steel 
wire helix. 

Sleeve 12, as shown in FIG. 1, has a distal end or rim 14 
and a proximal end or rim 16. Distal lim 14 is ci^iped by a 
sealing element M ci^ble €i creating an aixttgtit seat In 
this embodiment element M is a fdastic plate. However, a 
cap or other sealing elemrat can be used with equal success. 
In fact, sleeve 12 may be closed off at distal end 14. 

A flexible flange 20 is attached to proximal rim 16. Flange 
20 is preferably made of a synthetic material impermeable to 
air. The tubular form of flange 20 ensures that it flts snugly 
around arm 62 and conforms to the arm^s shape. In the 
present embodiment 20 is made of Neoprene (R). 

Elongated sleeve 12 is provided with a pressure inlet 22. 
A pressure conduit 24, e.g., a flexible tube, is connected to 
inlet 22. The other md of conduit 24 is connected to a 
vacuum pon^ 26. Vacuum pomp 26 is a ^andacd punq) 
capable of generating negative pressures down to -85 
mmHg and beyond inside sleeve 12. The delivery of tiiis 6o 
negative pressure through conduit 24 can be regulated by 
any conventional mechanisms. In the embodiment shown, 
an adjustable valve 28 guarantees maintenance of the 
desired pressure inside sleeve 12. Convenientiy, a readout 
gauge 32 is also provided for visual pressure indication. 

A heating element 34 is lodged inside elongated sleeve 12. 
In the preferred embodiment, heating element 34 is a heating 
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blanket filled with a heating fluid 30. Becmise of its hig^ heat 
capacity and g^end safety, water is particfilarly well-suited 
for heating fluid 30. Heating blanket 34 extends along the 
lengtii of sleeve 12 and wraps around arm 62. In fact, it is 
desirable that the area of contact between arm 62 and blanket 
34 be as large as possible. 

Blanket 34 is connected to a fluid inlet 40 and a fluid 
oudet 56. A supply conduit 42 and a return conduit 58, both 
preferably made of a flexible tubing, are attached at inlet 40 
and outlet 56 respectively. At their other ends conduits 42 
and 58 are connected to a heating and circulating system 44. 
Pref^ably, system 44 is a fluid heat^ and a drcolating pump 
(not shown). Suitable heaters and pumps are commercially 
availaide and commonly known. In addMon, sysium 44 has 
a control indicator 46 for indicating the t e mp e r atu re of fluid 
30 and its rate of flow. 

Core body warming ^>paratus 10 is simple to use. First, 
a hypodiermic person's aim 62 is placed inside sleeve 12 
such that heating blanket 34 envdops arm 62 and remains in 
contact with it In this position, flange 20 wraps around the 
upper portion of arm 62. To ensure that flange 20 conforms 
closely to the contour of the uppor portion of arm 62 the 
latter is preferably bare. 

With arm 62 properly inserted into sleeve 12, pump 26 is 
activated to produce a negative pressure between -20 
mmHg and —85 mmHg inside sleeve 12. Under the influence 
of negative pressure or suction, flange 20 seals tigjhtiy 
around the uppo* part of ann 62 to preserve die vacuum 
inside sleeve 12. At the same time, heating and circulating 
system 44 is also activated to warm up and pump heating 
fluid 30 through heating blanket 34. In particular, heated 
fluid 30 is d^vered through supply conduit 42 and recir- 
culated through return conduit 58. Control indicator 46 is 
used for setting the pFopo- flow rate and temperature of fluid 
30. In a preferred embodiment, die amount of thermal 
energy delivered to the surface of arm 62 is determined 
based on die body weight of the patient and his initial body 
tempeiature. 

In particular^ the thermal eneigy required for initial heat- 
up is determined by the following equation: 
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Since metabolic heat production in anesthetized subject 
is negligible, equation [1] can be simplified to state: 
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Heat abscxption is calculated from the below equation: 



Heat absotpticn : 



s pecific heat • boc^y weight * AT 
3412 (Btu/kwfa) 



[3] 
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where specific heat is expressed in British thermal units 
(Btu) and the body weight in pounds. AT stands for the 
tonperature difference between the initial and the final or 
desired body temperature. Heat loss is computed according 
to the equation: 

Heat ]oss=specific heat kMs^exposed surfooe area-time. [4] 

Rewriting equation [3] und^ the 
specific heat of a human being is 
substituting equation [4] one obtains: 

Heat abeospticx^.00027 (kwhnb*"F.)-weight-AT. [5] 

This means that every 100 pounds of body weight must 
absorb 0.027 kw of heat per hour to warm up by one degree 
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Fahrenheit. In practice, some variations in this value will be 
found between human beings and other mammals. 

The heat lost by a patient will depend on the size of the 
exposed area. Frequentiy, only the face is uncovered. This 
offers a surface area of approximately 1 sq.it. to the esc^ing 5 
heat. Under these conditions, the heat loss is ^proximately 
75 watts per hour, lypically, recovery from anestiiesia takes 
45 minutes, meaning that it is most desirable to rewarm 
during the same amount of time. Substituting this data in 
equation [2] and calculatittg the thermal energy lequiied for lO 
warming up each 100 pounds of body wdght, one obtains 
316 Watts. This is the actual power needed to lewaim the 
core body in 45 minutes. 

The thermal energy which can be safely delivered to the 
skin by blanket 34 greatiy exceeds the 3 16 Watts computed 15 
above. For exanq>le, the preferred embodiment uses water at 
43** C. as heating fluid 30 moving at a flow rate of 5 l/min. 
This enables deliveries of thermal energies greatiy exceed- 
ing the 316 Watts required to warm up the c<Hre body and 
sufficient to overcome typical system losses. 20 

There are two simultaneous effects on aim 62. The 
negative pressure inside sleeve 12 causes local vasodilation 
of the capillary beds while heating fluid 30 supplies thermal 
enexgy to the skin. Vasodilated csqrillaries are very efficient 
at absarting heat. They take up the thennal oiergy ofiFexed 2S 
hy blanket 34 and carry it to the core body. Since tiie 
remainder of the peripheral vasculature remains 
vasoc(»istticted, the distrilxition of the heat app^ed to the 
vasodilated skin regions will be confined to the body cere. 

To further aid the body in absorbing the thennal energy 30 
delivered, the negative pressure value can be changed. For 
example, a pmodic fluctuation or oscillation between -20 
mmHg and -85 mmHg may be introduced. The period can 
be in rhythm with the patient's heart rate. This oscillation 
will maximize the heat transfer to the core body. 35 

The above apparatus and method of use are safe, non- 
invasive, and very efScient in rewarming the core body of 
patients who have undergone general anesthesia or other- 
wise have dev^oped hypothermia. 

An altemative embodiment of the i^yparatus of the inven- 40 
tion is shown in FIG. 2. Elanents shared in common with 
the inreferced embodiment shown in FIG. 1 are labelled with 
the same reference numbers. In this embodiment the heating 
blanket and cosresponding heating and circulating system 
are replaced by a radiant heat lamp 64 positioned above 4S 
sleeve 12. The material of sleeve 12 is chosen to transmit the 
light generated by lan^ 64 while satisfying aU the require- 
ments listed above. Pref^ably, lamp 64 emits infrared li^t. 

The embodiment of FIG. 2 operates analogously to that of 
FIG. 1. After arm 62 is placed inside sleeve 12 vacuum 50 
pump 26 produces a negative pressure inside it and causes 
flange 20 to seal around arm 62. Simultaneously, lamp 64 is 
turned on to deliver radiant heat The radiant heat passes 
through sleeve 12 and cames its thomal energy to the skin 
of aim 62. Since arm 62 is subjected to negative pressure its 55 
capillaries are dilated and thus easily absorb and transfer the 
thermal energy supplied to the skin. As above, that thermal 
energy is used by the patient's circulatory system to warm 
the body core. 

FIG. 3 illustrates an embodiment of the invention which 60 
is adapted for enclosing a leg 66. In particular, a sleeve 68 
designed to be pulled over leg 66 has a bottom rim 70 and 
a top rim 72. Also, sleeve 68 is reinforced, e.g., by an 
internal helical spiral (not shown), against collapse under 
negative pressure. Two flanges 18 and 19 are attadied to 65 
rims 70 and 72 respectively. Flanges 18 and 19 are analo- 
gous in all respects to flange 20 of the earlier embodiments. 
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A support rod 48 is located inside sleeve 68. A number of 
conventional chemical heating elements 50 are mounted on 
rod 48. The vacuum system connected to sleeve 68 is not 
shown in FIG. 3. 

The embodiment of FIG. 3 operates analogously to the 
previous embodiments with the difference that thermal 
energy is delivered to the skin of leg 66 by chemical heating 
elements 50. This method of delivering heat is more prac- 
tical outside hospitals and controlled environments, e.g., in 
the wildeniess during a searcfa-and-iescue operation. 

AH three of the above mentioned embodim/^ts can be 
used for human patients and other mammals. The size and 
shape of the enclosing element or sleeve will differ accord- 
ing to the body part around which the s^aratus is placed. 

SUMMARY, RAMIFICAriONS, AND SCX)FB 

The above embodiments of the present invention are only 
illustrative in purpose and in no way limit die scope of the 
invention. Many alterations and improvements can be intro- 
duced to the above-descritied embodiments without going 
beyond the scope of the invention. It is possible to use the 
presoit invention to render a patient hypothermic by with- 
drawing heat from the patient while sustaining a vacuum. 
The vasodilation produced by the negative pressure will aid 
in efficientiy dissipating heat and lowering the core body 
temperature. 

Obviously, other embodiments and modifi.cations of the 
invention will readily come to the mind of one skilled in the 
art having the benefit of the teachings presented in the 
foregoing description and drawings. Therefore, the scope of 
the invention should be determined, not by G^amplcs given, 
but by the q>pended claims and their l^al equivalents. 

I daim: 

1. A system for treating a mammal experiencing 
hypothennia, said system comprising: 

a) an enclosing means for enclosing a body portion of said 
mammal; 

b) a sealing means mounted on said enclosing means for 
establishing a vacuum-tigjit fit between said body por- 
tion and said enclosing means; 

c) a vacuum system connected to said enclosing means for 
generating and maintaining a predetermined negative 
pressure inside said enclosing means, thereby causing 
vasodilation in said body portion; and 

d) a heating means for delivering a thermal energy to the 
surface of said body portion while said vacuum system 
is maintaining said predetermined negative pressure, so 
that the local vasodilation in said body portion pro- 
motes absorption and transfer of said thermal energy 
from the surface of said body portion to the core body 
of said mammal. 

2. The system of claim 1 wherein 

said heating means c<»Dprises a heating tdanket with a 
heating fluid, 

said heating blanket is arranged drcumferentiaUy inside 

said enclosing means, and 
said heating blanket is adapted to maintain contact with at 

least a part of the surface of said body portion. 

3. The system of daim 1 wherdn 

said enclosing means conqnises a generally tubular sleeve 

having a distal rim and a proximal rim, 
said sealing means comprises a lower seal mounted on 

said distal rim and an upper seal mounted on said 

proximal rim, 
said body portion comprises an extr<»nity, 
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and said sleeve has a diameter substantialty lai:ger than 
said extremity such that at least a part of said extFcmity 
fits inside said tubular sleeve. 

4. The system of claim 3 wherein said tubular sleeve 
oonqsrises a pliant material for accommodating movements 
of said extremity. 

5. The system of claim 3 wherein 

said heating means comprises a heating Uanfcet with a 
heating fluid, 

said heating blanket is arranged drcumferentially inside 

said enclosing means, and 
said heating blanket is adapted to maintain contact with at 

least a part of said extremity. 

6. The system of claim 5 wherein said upper seal com- 
prises a fleiidble flange adapted to fit snugly around said 
extronity and to seal the inside of said tubular sleeve under 
the influence of said negative pressure. 

7. The system of claim 6 wherran said lower seal conor 
prises a rigid cap. 

8. The system of claim 7 wherein a length of said tubular 
sleeve substantially equals a length of said extremity. 

9. The system of claim 6 wherein said lower seal is a 
flexible flange adapted to fit snugly around said extremity 
and to seal the inside of said tubular sleeve under flie 
influence of said negative pressure. 

10. The system of claim 1 wherein said enclosing means 
comprises a pliant material for accommodating movements 
of said body portion. 

11. The system of claim 1 wheron said vacuum system 
comprises: 

a) a vacuum pump; and 

b) a connecting line between said vacuum pump and said 
enclosing means for evacuating said enclosing means 
down to said predetermined negative pressure, said 
predetermined negative pressure ranging between -20 
mm Hg and -85 mm Hg relative to atmospheric pres- 
sure. 

12. The system of clahn 1 wherein 

said heating means is positioned outside said enclosing 
means. 
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said thermal energy is a radiant enogy form, and 
said enclosing means conqnises a material transmissive to 
said radiant enei^ form. 

13. The system ci claim 12 m^ierein said heating means 
^ conqjdses a heat lamp. 

14. Hie system of claim 1 whoein said negative pressure 
has a value between 0 mm Hg and -85 mm Hg relative to 
atmospheric pressure. 

15. The system of claim 1 wherein said vacuum system 
coix^»ises oscillating means for oscillating said negative 
pressure, fliereby promoting a transport of said thermal 
energy to a core body of said mammal by a circulatory 
system of said mammal. 

16. A method for core body warming of a mammal 
experiencing hypothermia, said method oomprisiBg the st^s 
of: 

a) enclosing a body portion of said mammal in a vacuum- 
tight manner, thereby defining an enclosure; 

20 b) generating and maintaining a negative pressure within 
said enclosure, diereby causing a local vasodilation in 
said body portion; and 
c) delivering a flLermal enogy to a surface of said body 
portion while maintaining said negative pressure, so 

^ that said local vasodilation promotes absofption and 
transfer of said thermal enagy from said sinface to a 
core body of said mammal. 

17. The method of claim 16 comprising the step of 
delivering said thermal energy from outside of said enclo- 
se sure. 

18. The m^hod of claim 16 comprising the step of 
delivering said thermal energy from inside said enclosure. 

19. The method of claim 16 wherein said negative pres- 
sure has a value between 0 mm Hg and -85 mm Hg relative 

3^ to atmospheric pressure. 

20. The method of claim 16 conqnising the step of 
oscillating said negative pressure, thereby promoting a 
transpcHt of said thermal energy to a core body of said 
mammal by a drculatocy system of said mammal. 

40 
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ABSTRACT 



An apparatus for providing external assistance for the 
circulation of blood in a patient wherein a substan- 
tially ngid housing encloses a portion of the patient's 
body, such as the legs, and a closed pneumatic pres- 
sure actuation system is used to actuate a pressure me- 
dium, at least a portion of which is gaseous, within the 
housing to cyclically apply pressure to the body in syn- 
chronism with the patient's heartbeat. The housing 
may be fabricated to provide either a fixed volume or 
a variable volume therein. Means are provided for ef- 
fecting an efficient transfer of energy from the actua- 
tion system to the pressure medium and thence to the 
patient's body. 

29 Claims, 17 Drawing Figures 
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CARDIAC ASSIST APPARATUS 

This invention relates gcncralK la apparatus for as- 
sisting the circulation of hlootl in a human being and 
more particuhirly to an apparatus for doing so exter- 
nally by the utilizaticMi of coiinter-jiulsation techniques. 

BACKGROL ND OF THE 1N\ HNTION 

Apparatus for providing external assistance in the 
circulation of bh>od in patients has been described in 
previously issued articles and patents, particularly L .S. 
Pat. No, 3,654.9 IV issued to W. C. Birtw ell wherein a 
rigid housing encit^ses a pc^rtion ^>f the patient 's bt>d\ . 
such as the legs, and a non-C(nnpressible hytlraiiHe tluit! 
is present \\ ithin such housing. A suitable hyth aulically 
actiiatcLl compression and deci>mpressi<^n means is 
then utilized to cycle the pressure on said body portions 
via the no n -compressible hydraulic fluid. Moans arc 
provided therein specifically to assure that the environ- 
ment within the rigid hi>using is gas free so that no ef- 
fective dead space is present and the etTiciencx of the 
comprcssii^n and deconipressiim energy transfer is 
maximized. Further, in the decompression portion of 
the cycle, a negative pressure is achieved immediately 
adjacent the btxly portiiMi and means are provided for 
s\ nchront>usly <^verriding the substmospheric pressure 
which is so obtained, such overriding being in appropri- 
ate synchriMiism with the patient's heartbeat. 

A number of problems arise in the use of the device 
described in the abo\ e Birtwell patent. First of all, it is 
a relatively cumbersome structure to handle, the use of 
a non-ct>mpressible hydraulic fluid, such as water, mak- 
ing the overall apparatus quite heav\. Morei>ver. the 
hydraulic actuation equipment which is required t<i 
cause the compression and decompressii>n flow of fluid 
within the housing must be placed relatively near the 
patient s<^ as t(^ avoid excessive hydraulic pressure 
drops along the flu it! lines there<if. usually such actua- 
tor being placed on the table on which the patient him- 
self lies, often substantially centrally located between 
the patient's legs, as shown in the patent. 

Not only is such apparatus therein difficult to use be- 
cause of the large st/e and weight of the rigid ht>usings 
and the hydraulic fluid, together with the hydraulic ac- 
tuation equipment therefor, hut the presence of such 
elaborate equipment in the direct view of the patient 
may tend to produce an adverse psychological reaction 
on the part of the patient when the apparatus is being 
applied to the patient's limbs. 

Moreox er. the use t>f such rigid, fixed solume hous- 
ing requires that they be made sufficiently large to fit 
the limbs of the largest patient to which the apparatus 
is expected to be applied. Thus, for patients with rela- 
tively small limbs, substantially more hydraulic liquid is 
required to fill the enclosure, a factor which only adds 
to the weight of the ov erall device and its ditTicuUy in 
u se . 

In ci>nsidering alternati\ e structures for pro\ iding ef- 
fectiv c cxternLd assistance for the circulation of blood, 
the design thereof should provide for a reduction in the 
above disadvantages while still maintaining an effective 
energy transfer. The maintenance of such energy trans- 
fer must take into account the damping which may he 
present within the system, so that the effects thereof 
can be minimized and the overall efficiency of the sys- 
tem can be preserved. 
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Such damping can be brt>adly identified as arising 
from two major sources discussed in more detail below. 
A first source lies in the apparatus which comprises the 
system for prcKlucing the cyclic compression and de- 

5 comprcssicjn energy transfer to the patient's body. Such 
'sxstem'' damping can arise because of the distensibib 
it\ i>f the h<.Hising \^ hich is used as well as the distensi- 
bility of the unsupported areas of the sealed portion of 
the system which contains the actuating fluid at the in- 

M) terface between the system and the portion of the pa- 
tient's body io which the pulsating pressure is applied. 
Further, the instability of the shape of such sealed por- 
tion (i.e., the fact that such sealed portit>n d<ies not re- 
tain its shape during the pulsating cycle) also contrib- 

15 utes to the o\erail system damping. I he ct^mpressibility 
of the actuating medium which gixes rise Xo the pres- 
ence of dcLid space within the housing also contributes 
to the system damping. Finally, both the presence of 
trapped air at various p(^iints within the system as well 
as the failure to pro\ ide an adequate contact between 
the sealed interface portion of the system and the pa- 
tient's body can introduce additional damping itito the 
system. 

A second source of damping relates to the ]->hysical 
nature of the patient's body itself and can be best de- 
scribed as a f<,>rni of "ph\ siologic " damping. Such 
damping arises, for example, from the (uerall nunion 
c^f the patient's b<ut\ w hich can occur during the appli- 
cation of the pressure actuation system thereto. Addi- 
tional factors which contribute to such physii>logic 
damping include the displacement i>f body tissue, both 
in the areas Xo which the pressure is directly applied 
and in the areas adjacent thereto, and the compressibil- 
ity of the body in tht>se areas thereof which can contain 
gas. such as the abdomen and/or the thoracic cavity. 

A primary ccMisideration in the design of the struc- 
ture disclosed in the abo\e- mentioned Birtwell patent 
was the desire to reduce system damping which can 
arise because of the compressibility of the medium 
used to provide pressure actuation. Acciirdingly. such 
system used non-compressible hydraulic fluids, i.e., liq- 
uids, such as water, as the pressurizing medium in the 
sealed container at the interface with the patient's 
body, thereby necessitating the use of the hydraulic ac- 

"^•^ tuation and control system shown therein. While some 
consideration was given to the reduction of damping 
due to one or more of the other factors listed above 
(i.e., the utilization of a rigid, fixed \t>lume housing, 
longitudinal tethering of the sealed container, etc. ), lit- 
tie or no consideration was given to making the mi>st 
effecti\ e use of the energy available, the hydraulic ac- 
tuation system being arranged as an effectively open 
system where hydraulic fluid was continually supplied 
from the energy source. As a result, prime importance 

' ■ has been attached to the purported need to use non- 
compressible fluids, as opposed to compressible fluids, 
such as air, for pressure actuation and interface energy 
transfer so that damping at the interface of a rigid, fixed 
volume housinu structure is minimized, 

SUMMARY OF THE INVENTION 

This invention, on the other hand, in one embodi- 
ment utilizes a compressible fluid, either alone i>r in 
combination with a no n -compressible fluid, for energy 
transfer at the body interface. The use thereof provides 
an imprtn ed external assist apparatus w hich has the ad- 
vantage of being lighter in w eight and less cumbersome 
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to use than prev iously known apparatus, antl further, 
\\ hich can be designed to reduce Ci)nsiderably the pos- 
sibihtN of producing a traumatic experience for the pa- 
tient. The effect of any increased interface damping 
which may result from the use of at least a partially 5 
compressible fluid medium is taken into account by uti- 
lizing a more efficient actuatK>n s\steni designed as a 
"closed*" system wherein energ\ expentled in transfer 
to the patient's bt>d_\ is effeciiv ely steered and returnee) 
to the system for reuse with a minimi/<ition of o\crall 
energy k^ss during operation. Such efficient use of en- 
ergy overcomes the effects of increased damping due 
to the utilization of compressible fluids. Further, the 
effects of such increased damping can be <nerconie in 
<Uher embodiments of the inxentic^n by utilizing hems- 
ing units having adjustable vnlumes. the adjustment 
theret>f being arranged to reduce the \oIume Luid. 
hence, the dead space which ma\ give rise to damping 
at the interface of the medium with the patient's body. 20 

More specifically, in <mc embodiment of the inven- 
tion, for example, the housing is formed as a rigid, fixed 
\t^lunie type and the pressure is applied to the patient's 
body portion, such as the legs, through a medium which 
is at least partial!) in gaseous form. Because the pres- 25 
sure medium is, at least parth . a gas, such as air, the 
o\ erall weight of the apparatus is reduced considerably 
and the compression and decompression c\cle thereof 
can be actuated b\ the use of a pneumatic actuation 
system rather than a hydraulic system i»s in the priiir art -^'^ 
apparatus. Such a pneumatic actuator and ctMitrol sys- 
tem can be placed at a piisition relativeh remote from 
and out <if the view of the patient without substantial 
pressure drops occurring in the pneumatic feed lines to 
the pressure applying medium. The use of a pneumatic ' ' 
actuation apparatus, which reduces the amcmnt of 
equipment required to be located immediateb adjacent 
the patient, thereby lessens the traumatic experience 
for the patient and provides more working space at the 
patient location for the medical personnel using the ap- 
paratus. Moreo\er, the reduction in weight makes the 
placement of the leg cncU>sure units on the patient 
much easier than w ith prior art de\ ices. The pneumatic 
actuation system is designed si> that some of the energy 45 
used to effect the desired pressure at the patient's limb 
is stored and reused so that the overall energy expendi- 
ture is at least comparable to that in the prior art struc- 
tures which require hydraulic fluids for such purpose. 

In still other embiuliments of the apparatus of the in- 5i) 
vention utilizing such pneumatic actuatitm and control 
tt>gether with at least a partially gaseous pressure me- 
dium, the housing may be matle <^f a rigid or semi-rigid 
material which is arranged to permit the formation of 
a variable volume of space within which the pressure 
meihum is encli^sed. Khus. the htuising is designed to be 
so adjustable that a sufficiently small spatial volume 
can be achieved to reduce considerabh the presence of 
dead space which may arise due to the compressibilil\ 
of the gas. Moretner. the arrangement of a variable ^^^^ 
volume enclosure permits the configuration of such 
housings Xo be adjusted to patients of different sizes. 

Particular embodiments of the inventi<^n are dis- 
cussed in more detail below w ith the help of the accom- 
pan y ing drawings w herein 

FIG. I show s a pictorial view of an overall system uti- 
lizing the apparatus of the invention; 



FICj. 2 shows a view in longitudinal secticm of one 
embodiment t>f a bod\ piyriion housing unit used in the 
apparatus of FIG. 1; 

FIGS. 3 and 3 A show both views in longitudinal 
and cross section of another embodiment of a body 
portion housing unit used in the apparatus of FIG, 1: 

FIG. 4 shows a v iew in cro.ss -.sect ion of the bt)dy por- 
tion housing unit of FIG. 2 taken along the lines 4 — 4 
therei>f; 

FICj. 5 sln>ws a v iew in cross-section (.>f the bod\ por- 
tion housing unit of FIG. 3 taken along the lines 5 — 5 
therct>f; 

FICj. 6 shows a view in cross-section of a body por- 
tit>n housing unit utilizing one embodiment of a pres- 
sure medium comprising a gas-liquid combination; 

FIG. 7 shows a view in cross-section of a body por- 
tit>n unit utilizing another embodiment of a gas-Hquid 
pressure medium; 

FIG. 8 shows a side elevational view of a body por- 
tion housing unit which has an adjustable configuration 
to permit the formation of a variable volume within; 

FIG. 9 shows a view in cross-section of the body por- 
tion housing unit of FICj- 8 taken along the lines 9 — 9 
thereof; 

FIG. 10 shows another embodiment of a body por- 
tion housing unit utilizing a configuration of segmented 
cones: 

FICj. 11 show s a view in cross-section of a portion of 
the housing unit shown in FIG. 10; 

FICj. 12 shows a graph of one embodiment of the 
pressure wav eform used in the system of the inv ention; 

FIG. 13 shows a view , partially in block form and par- 
tially in diagrammatic form, of the pneumatic actuation 
system of the invention; 

FICj, 14 shows a longitudinal section view of an alter- 
nate embodiment of the invention; and 

FIGS. 15A and 15B show an alternative embodiment 
of the configuration shown in FIG. 2. 

As shown in FIG. U the overall system in accordance 
with the invention comprises in one embodiment 
thereof a pair of leg units in the form of housings 10 
which enclose a substantial portion of the legs of the 
patient to be treated. The leg units are generally 
formed to permit the lower leg from approximately the 
ankle region down to the foot to project outuardly 
from the lower end of the housing unit, the unit extend- 
ing upwardly therefrom to the upper leg in the region 
of the thighs. SepLirate leg units may be used, or such 
units may be joined at their upper ends either by fixed 
connections to form a fixed angle with respect to each 
other or by pivotal c<.>nnections so that such angle may 
be suitably varied as desired. 

As described in more detail below , the leg units en- 
close a pressurizeable medium which acts as an inter- 
face between the surface of the legs of the patient 
w ithin the housing and a pressure actuatitm and control 
system 11. The medium as discussed below can be ei- 
ther fully gaseous or at least partially gaseous and is ac- 
tuated by a pneumatic pressure actuation system which 
cyclically feeds gas under pressure via tubings 12 to 
each of the leg units and then remmes said gas by re- 
versal of said pressure to sub-atmospheric levels in a 
cyclic fashion. Alternatively, the gas may be fed b\ a 
single tubing from the actuator and then supplied to 
each housing by a pair of branch tubings connected 
thereto bv a suitable T-connection arramjement. 



3,878,839 



Accordingly, an appropriate compression and de- 
compression of the patient's legs will occur so as to as- 
sist the circulation of the blood, the cyclical applicatitm 
thereof being in appropriate synchn>nisni with the pa- 
tient's heartbeat as described in the afi>renientionod 5 
Birtwell piitent, and as described, for example, in the 
article '^Support of the Systemic Circuhition and Left 
Ventricular Assist by Synchronous Pulsation t>f Extra- 
mural Pressure," Birtwell et aL, \'ol. XI. Trans. Amer. 
Soc. Artif. Int, Organs, U) 

One embodiment <;^f leg units 10 is described in more 
detail in FIGS. 2 and 4 wherein it can be seen that each 
leg unit comprises a rigid hi>using 15 in a substantially 
frusto-conical shape, such housing in the embodiment 
described being made of aluminum or an apprtipriate 15 
rigid plastic material as desired. A flexible, tluid-tight 
material forms a sealed member 16 which is pressure 
expansible the material therei')f being preferably non- 
distensible. The material is formed in a tubular shape 
and nu>unted within the rigid enclosure so as to com- 
pletely enclose the major portion of the leg 17 of the 
patient (not shown), the surface of the plastic material 
gencralh conforming to the contour of the patient's 
leu. In the embodiment shown the tiexthle material is 
attachetl to the rigid housing by lapping the ends 
thereiif ov er the rt>undcd ends 18 of the housing so as 
tt> permit the overlapped ends io rest in notches 19 of 
the housing over which notches appropriate sealing 
rings 20 may be attached. As used herein the term 
flexible material" may include thermosetting and 
thermoplastic elastomeric materials and may also in- 
clude, for example, multi-layered materials, such as 
one ha\ ing a first inner lav er of distensible material and 
a second outer layer of a non-distensible material, such 
as one has in g a la\ er of rubber backed by a layer of -^"^ 
cUnh 

A fitting 21 is integrally formed in housing 15 to pro- 
vide un opening 22 M the exterior surface of the hous- 
ing which can be suitably connected to the pneumatic 
pressure actuation system 1 1 which supplies gas under **** 
pressure at above atmospheric pressure thrt>ughout a 
tlrst portion of its cycle and which removes gas to cre- 
ate a subatmospheric pressure w ithin the sealed mem- 
ber 16 during the remaining p<irtion of its cycle. 

The pressuri/eable medium is introduced into the 
spatial \ olume between tlexihle sealed member 16 and 
the inner wall 23 of housing 15 so that as the pressure 
therein increases during the compression ptirtion of the 
cycle the pressure medium pres.ses against the patient's 
leg as desired, A perforated tubular member 24 is at- 
tached by suitable means such as an adhesive to shoul- 
ders 15 A at the interior of housing 15 in the space be- 
tween member 16 and housing 15 at abtnit a position 
midway therebetween. Member 24 may be a rigid plas- 
tic material, for example, antl prexents the flexible 
member from coIla]>sing cimipletel\ against and adher- 
ing tt> the interior wall of housing 15 during the decom- 
pression portion of the cycle, which ct>l lapse may cause 
an effective but undesirable val\ ing action which would 
prevent an efficient transfer of oscillatory energy from 
the actuator to the leg. Member 16 can be made of any 
suitable thin metallic <^r plastic material, such as alumi- 
num or acetal. for example. 

In the embodiment shown in FIGS. 3, 3A and 5, the 
member which ctmtains the pressuri/eable medium is 
formed separately frtnii the rigid housing itself. As can 
be seen therein a flexible, tubular sealed container 25 
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is made of a suitable flexible material such as nylon - 
neoprene cloth, for example. In a collapsed state the 
container may be folded flat or rolled up into a c<.>m- 
pact annular shape. When the apparatus is to be used, 
the container 25 is suitabl> unfurled and j^laced, as 
shown in FIG. 3, within the housing over the patient's 
leg. The container has an appropriate integrally-formed 
fitting 26 which is inserted through a suitable opening 
in a rigid hou.sing 27 and which is adapted to be con- 
nected to a pressure actuation si>urce. The flexible con- 
tainer 25 is thereby enclosed b\ the rigid housing 27 
which as seen in FIG. 5 can be constructed for this pur- 
p<^se in two pieces, 27A and 27B, w hich are hingedly 
connected. During use, the major portiim of the pa- 
tient *s leg is encased in flexible container 25, is placed 
in lower piece 27B and the upper piece 27A is rt>tated 
to a closed position and clamped to the low er piece by 
any suitable conventional clamping mechanism 28 to 
form a rigid housing around container 25. 

In order to prevent any vah ing action in the embodi- 
ment of FIG. 3 appropriate manifolding means may he 
used within the interior thereof to prevent collapse of 
the outer surface thereof against the inner surface adja- 
cent the wall c^f the hiutsing. One suitable manifolding 
means as shown in FIG. 3 can comprise an interior 
layer of rubber material 29 adjacent the htnising wall, 
such layer ha\ ing a plurality of projections 29A extend- 
ing tow ard the interior of cimtainer 25 as show n. 

In the embodiments discussed above w ith reference 
to FIGS. 1-5, as w ell as in the embodiments of the prior 
art, a longitudinal force difference tends to exist along 
the patient's legs during operatit>n of the svstem be- 
cause of the difference in the crc^ss-sectional area at the 
patient's thighs and that at the patient's ankles. Such 
force differential causes the inner wall of the sealed 
members of the apparatits { i.e.. the direct interface of 
the inner wall of flexible members 16 or 25 in contact 
with the patient's leg in FIGS. 2 and 3, for example) to 
move longitudinally with respect to the outer wall 
thereof (i.e., the housing wall in FIG. 2 or the outer 
wall of flexible container 25 in FIG. 3 which is in 
contact with the housing). As a result, such movement 
tends to mt>N e the legs and. hence, the entire body of 
the patient outwardly from the housing and. in effect, 
to forcibly eject the patient frt>m the housing units, 
thereby reducing the effectiveness of the system to per- 
form its task as well as producing discomfort and a fur- 
ther traumatic effect on the patient. 

In order to overcome such movement it is desirable 
to longitudinally tether at least a portion of the inner 
wall of the sealed member to the housing (FIG. 2) or 
to the outer wall thereof adjacent the housing (FIG. 3). 
It has been found that if such tethering is effected, for 
example, along two or four parallel lines near each end 
of the housing, longitudinal mov ement of the inner wall 
of container 25 is reduced considerably. Four such 
tether lines 25 A are shown in an exemplary embodi- 
ment of FIGS- 3 and 3A. Although the tethered por- 
tions ma\ extend the entire length of the housing, it is 
not found necessary to do so in all applicati(^)ns, and 
tethering at the ends thereof may be sufficient. Accord- 
ingly, they may be arranged in preferred embodiments, 
for example, to extend inwardly from each end thereof 
to lengths of about H)-2{) percent of the total housing 
length. Moreover, additional tethered portions may be 
used at other positions in addition to the ends thereof, 
if desired. 
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In the embtidiment of FlCiS. 2 and 24 the telhetod 
portiinis 16A of the inner wall <^t' container 16 may he 
arranged to be suitahly tethered to tlie roundeLl end 18 
of the housing and ItT the ends of perforated member 
24 as shown therein. Alternati\ eh , in F Ki. 2 the ends s 
of the scaled member 16 ma\ be efrecti\eiy tethered 
without the necessity Un adhering member 16 to the 
housing wall. For example, FlCiS. 15A and 15B show 
an a)ternati\ e structure wherein the Hexible member is 
formed of a nuiltidayer material m vs hich a first inner 10 
Ia\er 100 is rid^ber and a second outer la\cr 101 is 
cloth. A plurality of generally Umgitudinalh directed 
pockets 102 are formed between the layers at each end 
there*>f ( ft>r simplicity <mly a \ iew of one end is shovv n 
in FlCi- 15B and onh a part thereof in FKi ISA). The i5 
extreme end of menthcr 16 is held by the sealing ring 
20 in the manner discussed above with reference to 
FKi. 2 and the pockets 102 extend from a point within 
the interior i>f the housing to a ptnnt approximately ad- 
jacent the region where member 16 <>>verhips the 20 
riunufed end 18 of the baushiiz. A plaraiit) of spring- 
like. iir semi-rigid, stays 103 are inserted in the plurality 
of pockets at each end of Hexible member 16 sii as to 
project inwan^lly of the housing. The use of such stays 
tends to pres ent longitudinal motii^n of the ends of flex- 
ibic member 16 relative to the housing 16 that such 
ends are ctTeclively tethered therebv . 

rhe press urizat ion medium in the above embodi- 
ments can be either fully gasctuis or may bo a gas-!iquid 
combination depending upon the application which is 
desired. In permanent installations, for example, where 
sufficient power is available for the use t^f relatively 
large motors (e.g., ov er I horsepower K the mctlium 
can be completely gaseous and dead space problems 
can be inerctmie by installing a suitably sized mt>tor to 
operate under all expected dead-space ccMidilions. 
F\en in portable, or less permanently installed, appara- 
tus a ci»mpletely gaseous medium can often be u.sed rel- 
atively effectively w ith smaller niotiirs of less than 1 
horsepow er because of the effective utilization t>f cn- 
ergy brtnight about by the use of a closed pneumatic 
actuation system as discussed further below, 

A further atb antage of the use of pneumatic systems 
in this regard is that the compressible gaseous mediimi 
can inherently achieve the desired negative pressures 
w ith less expenditure of energy from the energy input 
source than is required when using an hydraulic me- 
dium, such as water. Thus, the use of a gaseous medium 
eliminates the static head which is present when using 
an hydraulic medium u hich completely surrounds the 
patienls limb, in the latter case the positive head must 
be overcome before any negati\e pressure is obtained. 
Such an advantage in using a pneumatic system then 
tends further to offset an\ disadvantage which max 
arise because of an} increase in damj^ing due to the use 
of a compressible gaseous mediimi. This ad\ antage can 
still be obtained ev en when using a ct>nibined gas/licjuid 
medium, particularly with the system discussed below 
with reference to FlCi. 6 where the liquid portion ^^^^ 
thereof is maintained substantially below the patient's 
leg so that no static head is present. 

If the dead space w hich exists due to the compress- 
ibility of the gaseous medium lends to prevent the cre- 
atit)n of sufficient pressures as required and if sutTi- 
ciently large actuator systems are not av ailable to over- 
come such problem, such dead space may be reduced 
by using an apparatus which utilises a combined gas- 
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liquid pressure medium as shinvn with reference to 
FiCiS. 6 and 7. As can be seen in FlCi. 6, for example, 
a housing 30 of the form shtnvn in FIG. 4, for example, 
has a sealed flexible c<mtainer 31 which substantially 
conforms to the patient's leg and has contained therein 
a liquid medium 32 and a gaseous medium 33 in direct 
contact therewith. In a practical embodiment, for ex- 
ample, the liquid medium such as water, may prefera- 
bly be approximately 50 percent, or more, of the vol- 
lune w ithin the housing. A pneumatic actuation system 
as shown in FIG. 1 is then appropriately connected to 
fitting 34 so that the gaseous medium, such as air. can 
be pressurized, the liquid medium taking up substan- 
X\ci\\\ most of the dead space that may occur within the 
sealed enclosure due to the compressibility of the gase- 
ous medium. In this way. a relaii\ely efficient transfer 
of pressure to the leg can be achieved. 

Another embodiment of a combined gas-Jiquid press- 
urizcable medium is shown in FIG. 7« As can be seen 
therein, the liquid medium 42 and the gas medium 43 
are separated from each other, the liquid medium being 
placed in a flexible sealed container 41 which encircles 
the leg of the patient iuid ft^rms the direct pressure in- 
terface with the patient's body. The gas coupling me- 
dium 43 is inserted into the housing 40 between the 
sealed liquid container 41 and the interior surface t^f 
housing 40, An appropriate fitting 44 is ctmnected to 
a pneumatic actuatiim system ft>r inserting and with- 
drawing gas abo\e and below atmospheric pressure, 
which gas pressure variations are coupled via gas me- 
dium 43 to the liquid medium 42 and then to the pa- 
tient's leg for pr(n iding the cyclic compression and de- 
compre.ssioji action required. 

While the use of rigid, fixed vi>lume housing units as 
shinvn in FIGS. 2-7 are useful in man) applications, it 
is desirable in still other applications to provide for 
rigid or semi-rigid housings having adjustable volumes 
particidarly for permitting an adjustment thereof when 
used with patients having different limb sizes, which ad- 
justment can aJsi) be used to reduce any dead space 
which may exist when such structure is used with a 
completely or partially compressible medium. One em- 
bodiment of such a variable volume housing is shown 
in FIGS. 8 and 9, the diameter of w hich can be varied 
at \ arous points alcing the length thereof. For example, 
the housing 50 may be made in the form of a collaps- 
ible, or adjustable, sheet of metallic material, such as 
sheet aluminum, which is formed in an overlapping 
manner into a substantially frusto-conical shape. A plu- 
rality of adjustable bands, or rings 51 are placed at se- 
lected positions along the length thereof. The patient's 
leg is inserted intt> the housing when the bands are in 
a relatively loose condition so that an effectively large 
diameter housing is formed. The bimds are then tight- 
ened so as to reduce the volume of the space betw een 
the htuising and the patient^s limb in which a sealed 
container 52 fjts. Thus, the dead space, which ordi- 
narily may be present when a compressible medium, 
such as air, is c<.)mpletely or partiallv used as the pressu- 
rizeable medium can be minimized no matter w hat the 
size of the patient's leg. Accordingly, the efficiency of 
the overall pneumatic actuation system can be in- 
creased thereby enhancing the capability of the system 
to operate e\cn w iih pressure actuation systems of rela- 
ti\eiy low power. 

The variable volume structure show n can also use a 
completely non -compressible medium. In such a case. 
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because the variahle v<iliimc housing structure permits 
a closer conformity of the housing to the legs of the pa- 
tient, less hydraulic fluid is required than in those fixed 
volume structures of the prior art so that a consequent 
over.Ul reduction in weight of the portion of the ;ippa' 5 
ratus at the patient's legs t^ccurs. hurthcr, the \i>Iume 
adjustments permit a closer conformity of the o\erall 
sealed container tc^ the patient's body anti tends t^.^ re- 
duce the unsupported annular end regions t-jf the flexi- 
ble container and. accordingh . the damping due lo 
thereto. Further, as the htnising \olumc is reduced, a 
belter conformability of the tethered portions of the 
sealed container to the patient's body results. 

Another embodiment of a rigid, or semi-rigid htnising 
which can be utilized to make the most eftlcieni use of 15 
the apparatus of the tn\ enlion for different si/e patients 
is shown in FICj. 10. As can be seen therein, a relativeiy 
large frusto-conically shaped housing 6(1 can be formed 
from a plurality of segmentetl frusto-conical mentbers 
61 each of which can be suitably attached and de- 
tached to ad jacent of said members havhig correspond- 
ing diameters. In the process of use. a selectable por- 
tion of the overall htujsing can be ftirmed in accor- 
dance with the size of the patient's leg. For example, in 
the illustrated embodiment a segmented housing of --"^ 
FICr. 1(1, seven separable segments A-G are depictCLL 
segments A, B, C. E, F. G being of a]^pro\imately the 
same length and segment D being appr<,>\imately three 
times larger in the s]'>ecific embodiment shi>w'n- The 
iuerall housing with all segments attached together is 
made available for use with a patient. For use with a pa- 
tient having a relatively small diameter leg. sections A. 
B. C. D and E may be selected and the segmented sec- 
tions F and G may be detached therefrom. For a me- 
dium sized leg, it may be desirable to utilize only sec- -^-^ 
tions B, C\ D. F and F with sections A and G detached 
therefrom. For relatively large legs it may be desirable 
to use sections C, D, E. F and Ci with sections A and B 
detached therefrom. AcctM'dingly. the amount of dead 
space which is present f<^r use in a system using a com- 
plete or partial gaseous medium can be minimized by 
the apprcipriate selection t>f segments in accordance 
with the size of a patient's log. The segments shown in 
FIG. 10 can be attached by appropriate means as 
shown in the exemplary embodiment of FIG. !!• As 
seen therein if housing segments, each of the type 
show n in FIG. 2, are used the flexible containers 62A 
or 62B of adjacent segments are lapped over the corre- 
sponding ends 63 A and 63B thereof to rest in notches 
64A and 64B. Clamp members 65 A and 65B ha\e first 
flanges 66A and 66B which rest in notches 64A and 
64B respectively, abov e the lapped ends of the flexible 
containers therein. Upright tlanges 67A and 67B lie ad- 
jacent each other at the junction of the housing seg- 
mcnis and are appropriately clamped to each other at 
suitable points located on the periphery of the housings 
via threaded bolts 68 inserted through threaded open- 
ings in the upright tlanges. The tlanges 66 A and 66B 
are retained in the notchcLl ends of the housing seg- 
ments by suitable clamping hands 69A and 69B. re- 
spectively, as shown. 

In a preferred embtHiinient of the invention the pneu- 
matic actuation system which is utilized w ill provide an 
effective sinusoidal pressure wave form 70 as show n in 
FIG. 12, As can be seen therein, the pressure can vary 
in a particular embodiment from a minimum valve 
within a preferred range of approximately +25 mm- Hg. 
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to —50 mm. Hg., although such minimum value may be 
set i>ther\vise in some applications, to a maximum value 
within a preferred range of approximately 200 mm. Hg. 
to 250 mm. Hg., although such maximum value also 
may he set otherwise in some applications. The rise 
time is de fined ;is the time the pressure rises from a low 
value equal to U) percent of the peak -to- peak value 
therci^f to a value eqvial to 90 percent of such peak-to- 
peak value, with the fall time being similarly defined as 
the time the pressure decreases from 90 percent of its 
peak-tti-peak \ alue Xo 10 percent thereof. A preferred 
rise time and a preferred fall time is usually set within 
a range of S()-i50 milliseconds in each case. 

The time duration of the pulsating portion of the 
wave form is defined as the time for the pressure wave 
form ti> rise from a low value at 10 percent of its peak- 
to-peak value to a time \v hen it has passed through its 
positive peak value to a value of 90 percent of the 
peak-to-peak value thereof. Such time may preferably 
lie within a range of about 200-500 milliseconds. 

Although a sine wave is shown in FIG. 12* the system 
is not limited to such a wave form. A square wave con- 
figuratitm may be acceptable in some applications if 
the discrete changes thereof do not cause ailverse ef- 
fects on the patient. Other wave shapes nuiy be devised 
also for such purpose. 

A pneumatic actuatiim svsieni U^i achieving an ap- 
propriate pressure wave form is slu^w n in FIG. 13 
wherein it can be seen that a suitablv sized crunk driv en 
piston 75, fitted with conv entit^ial low fricti<^n. low 
hysteresis seals and driven by a variable speed gear 
motor 76 through an appropriate clutch/brake combi- 
nation 77, prtn ides a means for prcniucing synchrtmous 
pneumatic pressure piUses of the wave shape described 
above, such pressure pulses being applied to the cou- 
pling medium at the interface w ith the patient's limb to 
create the desired hemodvnamic results. Appropriate 
and known means can be utilized to adjust the ampli- 
tude of the pressure pulse and the relationship of the 
positi\e and negati\'e peak pressure amplitudes with 
ambient (room atmospheric) pressure. 

Thus, if the atmospheric pressure volume of the nie- 
diimi in the pneumatic actuation system is such that the 
piston stroke is at its mid-stroke position, driving the 
piston in one direction (forward) will create a positive 
pressure and dri\'ing it in the opposite direction ( back- 
ward ) will create a negative pressure. Any appropriate 
combination of positive and negative peak pressures 
can be arranged within the total pressure differential 
capability of the pump system and can be selected for 
an indiv idual patient by adjustment tif the total \ olume 
of fluid in the system (often referred to as the **charge" 
on the system ) to produce the optimum hemodynamic 
results which are desired. Such volume adjustment can 
be made by adjustment of valve 78 which supplies air 
from air pump 79 to the system. In a system which uses 
an air/liquid ct>mbination or in a variable volume sys- 
tem which uses a Hqviid medium alone, the hydraulic 
liquid can be supplied from a liquid reservoir 81 via a 
suitable pump 80. Appropriate synchronism with the 
patient's heartbeat can then be provided by suitable 
monitiiring of the patient's EKG by monitor 82, a sens- 
ing of the R w ave of the patient' s heartbeat to provide 
suitable control of the tiperation i>f the clutch/brake 
combination 77 and. accordingly, of the piston motion 
of the actuation system relative to the R wave, as show n 
bv the R-wave sensor and control device 83. Such svn- 
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chronizatuMi and control is cxplaincLf in more cictail. 
for example, in ihc article cilcd aboxc. 

The effecti\ cness in achic\ing a noiiali\e pressure at 
the patient s htuty is tic pendent uj^on how ijooJ a seal 
IS maintained between the inner surface ol" the sealed 5 
container containini: the energy ct>uplint! n)ediuni antl 
the surface of the patients limbs diirini! the negative 
portion of the pulsation c\cie. Such seal ean he main- 
tained by the use of an adhesive compoiniil *>n the sur- 
face ot the sealed container between the container and \{) 
the limb. Htnve\er. such a method may be impractical 
or inappropriate in nian\ situations. 

Another method for pro\ idinji such a seal is to e\ acu- 
ale all of the air between the limb an<.l the scaled con- 
lainer outer surface, such evacuation i^eiuii maintained 
auainsl the le\els of those peak negative pressures 
being created by the pneumatic actuation s\stem ap- 
plied thrt>ugh the actuation Huid in the sealed con- 
tainer. Thus, a continuous suction can be created in the 
space between the limb and the sealed c<>nt;uncr b\ an 
external evacuation de\ ice. One method i>f achieving 
this is to enclose the legs and hinising units of the sys- 
tem by a \acuum encUisure 84 as shtnvn by the dashed 
line in FIG. 13, such enclosure being appr<.ipriately 
e\aeuate<.l h\ an external vacuum pump 85 which ere- 
ates a /one of sub-atmospheric pressure below that ex- 
pected at the imvesl regiim of the pressure actuation 
curve oi FUi, 12 artnind such housing system. 

A further methe>d of providing an appropriate seal is 
to arrange for an effective self-evacuation system for 
such purpose. thereb\ eliminating the need for a vac- 
uum enclosure and external \acuum pump. Since the 
sub-atmospheric pressure in the space between the 
sealed container an^t the patient's boely is required <.>nly 
during the lime when the pressure wa\e form is below -^-^^ 
atmospheric pressure, such time being a relatively short 
pari of the o\erall pressure cycle, there need not be a 
requirement for a constant negative pressure as would 
exist ill the abox e described externally actuated evacu- 
ation system. Such a self-evacuation system is shown in '^^^ 
FIG. 14. As seen therein, the ends of the space between 
the sealed container 90 and the patient s logs 91 at the 
ankles and at the thighs are fitted w ith passive one-way 
\alvcs 92 which permit the expulsion of air from such 
space to the atmosphere but w hich pre\ ent the intake 
of air fn)m the atmosphere to such space. Such \ aKes 
may be in the form of thin rubber rings placed o\ er the 
ends of the htnising 93, the free ends thereof being held 
tightly against the patient's ankles and thighs when ap- 
plied. During each positive pressure pt>rtion of the 
pressure w a\e form, the ends the c»ne-way valves are 
t^pened and substantiall\ all of the air in the space be- 
tween the leg and the sealed container is expelled 
therefrom. During the negative portions of the pressure „^ 
w ave form the ends thereof are closed and an effectiv e 
evacuatitm of the space between the limb and con- 
tainer is maintained. While the air is \ ented to the at- 
mosphere in the embodiment shovv n in FIG. 14 the out- 
put vahes may alternalivelv be attached to suitable ^^^^ 
suction pumps to further insure that no air will leak 
back into such space during the negative pressure 
phase of the pressure wave fi^rm. In order to prevent 
valving of the container a suitable manifold means 94 
may be placed within the container. Such manifold 
means may be in the form of a rigid tubular structure 
preferably extending from the region below the knee to 
the end of the housing, "fhe manifold provides a pas- 
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sage way ft>r ctnv trapped air that ma> be present, such 
trapped air being most likely to be present at such knee 
region. In those embodiments which utilize tethers, as 
discussed above, the presence of the tethers may be 
sufficient to provide such passageways without the 
nccxl tor such an additional manifold means. 

The above description shows various embodiments of 
the invention, althtnigh other embodiments within the 
scope of the invention may occur t<.^ those in the art. 
Hence, the invention is ni>t to be construed as limited 
ii> the particular embodiments shown herein except as 
defined by the appended claims. 

I he ftUIowing U.S. Pat. Ni»s. v^ere obtained bv a pa- 
tent search: 1,608,239, 2,113,253, 2,168,611, 
2.345,073, 2.361,242. 3J7S)J()6. 3,268,711. 
3.2*S<S.l 32. 3,292.6] 3. 3,303,841. 3,307.53 3. 
3.329,142. 3,403,673, 3,411.496, 3.54K.809, 
3.599,63 1 , 3.65 i .HO 1 , 3,654.9 I 9, 3.659,593, 
3.674.01 S, 3,693,627, 

What is claimed is: 

K Apparatus for providing external assistance for the 
circulation of blood in a patient comprising 

substantially rigid ht)using means having a substan- 
tially fixed volume for enclosing a portion of said 
patient's body: 

means for cvclically applying pressure to said body 
portit^n within said housing means, said pressure 
appiv ing means including 

a chised pneumatic pressure actuation means; 
a pressure medium, at least a portion which is in 
gaseous fi>rm, enclosed in a flexible sealed mem- 
ber which is pressure expansible and positioned 
between said pressure actuation means and said 
portion of the patient's body, at least a part of 
said sealed member being in contact with said 
btidy portion, a first portion of .said sealed mem- 
ber being formed of a flexible material seal ably 
clamped to the ends tjf said housing and a second 
portion thereof being formed by said housing, 
said pressure medium being responsive to said 
pneumatic pressure actuation means to apply 
pressure to said body portion; 
means for synchronizing the operation of said pres- 
sure actuatit>n means to apply said pressure cycli- 
cally to produce aiternatiiig compression and de- 
compression of said body portion in synchronism 
with said patient's heartbeat; and 
means for prev enting said flexible material from col- 
lapsing against said housing during the decompres- 
sion portion of the cv cJical application of said pres- 
sure. 

2. An apparatus in accordance with claim 1 wherein 
at least selected portions of said flexible material are 
tethered to portions of said housing to prev ent the ten- 
dencv ft>r relative movement between said flexible ma- 
terial and said housing. 

3. An apparatus in accordance with claim 2 wherein 
said nexible material is tethered to said housing sub- 
stantially at the ends thereof. 

4. An apparatus in accordance with claim 1 wherein 
said last-named means is a perforated tubular member 
positioncLl within said housing between said ht>using 
and said flexible material. 

5. Apparatus for providing external assistance for the 
circulation of blood in a patient comprising 
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substantialK rigid himsing means ha\ ing a substan- 
tial iy fixed \ t>Iume for enclosing a portion of said 
patient's body; 

moans for cyclically applying pressure to said body 
portion within said housing means, said pressure 5 
applying means including 

a closed pneumatic pressure actuation means; 

a pressure medium, at least a ptirti<in of \^ hich is in 
gaseous form, enclosed in a flexible sealed mem- 
ber which is pressure expansible and positimied 10 
between saiJ pressure actuatitm mcims and saici 
portion of the patient's body, said scaled member 
being a flexible tubular nieaiis formecl indepen- 
dently of said housing, said sealed member being 
posititMied during operation of said apparatus be- 15 
tween the inner wall of said housing and said 
body portion to flexibly enclose said bod> por- 
tion, said pressure medium being responsive to 
said pneumatic pressure actiuuion means to 
apply pressure to said body portitm: 

means for pre\enting the walls of said flexible 
sealed member from collapsing against each 
other durutg the decompression portiori of the 
cyclical application of said pressure; and 

means ft)r synchronizing the operation of said pres- --^ 
sure actuatii>n means to appl\ said pressure cycli- 
cally to produce alternating compression and de- 
compression of saiJ body portion in sy nchr(,>n!sm 
with said patient's heartbeat. 

6. An 4ipparalus in accordance with claim 5 wherein 
pt^rtions of the iimer wall of said flexil^le sealed mem- 
ber adjacent said b(Hly portit^n are tethered to portiiMis 
of the outer wall therec^f adjacent said housing to pre- 
vent the tendency for relative movement of said inner 
and tniter w alls. 

7. An apparatus in acc<irdance w ith claim 6 wherein 
said tethered piutions are substantially at the ends of 
said flexible sealed member. 

8. An apparatus in accordance with claim 5 wherein 
said said prev enting means means comprises a tlexibJe 
means ha \ ing a plural it\ of projections extending into 
the interior of said sealed member. 

9. apparatus for providing external assistance for the 
circulation of blood in a patient comprising 

substantially rigid housing means having a substan- 
tially fixed volume for enclosing a portion of said 
patient's bod>, said housing comprising 

a pair of hingedly cimnected portit>ns pivotally mo\ - 
able relative to each other from an open to a ckised 
p<^sition; 

means for clamping said portions t<»gether in said 

closed positicm; 
mcLUis for c\clically ap]:)lying pressure to said body 

portion within said housing means, said pressure 

applying means including 

a ch>sed pneumatic pressure actuatitm means; 
a pressure medium, at least a portion of which is in 
gaseous form, enclosed in a flexible sealed mem- 
ber which is pressure expansible, at least a part ^^^^ 
of said sealed member being in ctmtact with said 
body p<>rtion. and positioned between said pres- 
sure actuation means antl said portion of the pa- 
tient's body, said pressure medium being respon- 
sive to said pneumatic pressure actuation means ^. 
to apply pressure to said bt>d\ p<^rti(^n; and 
means for synchronizing the operation of said pres- 
sure actuation means to apply said pressure cycli- 
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calh to produce alternating compression and de- 
compression of sidd bod\ portion in synchriinisni 
with said patient's heartbeat. 

10. Apparatus for providing external assistance for 
the circulation of blood in a patient ci»mprising 

substantially rigid housing means ha\ ing a substan- 
tially fixed volume for enclosing a portion of said 
patient's biuiv : 

means for cyclically applying pressure to said btidy 
piirtion within said housing means, said pressure 
applv ing means including 

a closed pneumatic pressure actuation means; 

a pressure medium enclosed in a flexible sealed 
member which is pressure expansible and posi- 
tioned between said pressure actuation means 
and said portion of the patient's bod\ . at least a 
part of said sealed member being in cmitacl with 
said b<Klv portion, said pressure medium being a 
ctmibinaticm of a gase<ujs matcriid and a liquid 
material placed within said flexible sealed mem- 
ber in ciintact with each other and further being 
responsive to said pneumatic pressure actuation 
means to appK pressure to said body portion; 
and 

means tor synchronizing the operation of said pres- 
sure actuation means to apph said pressure cycli- 
cally Xo prt>duce alternating comprcssicni and de- 
compression t>f said body portion in svnchronism 
with said p;i tie tit's heartbeat, 

1 1. Apparatus for prov iding external assistance for 
the circulation of blo(.>d in a patient comprising 

substantialiv rigid ht>using means having a substan- 
tially fixed v (ilume for enclosing a portion of said 
patient's body; 

means for cyclically applying pressure to said body 
pi>rtion within said housing means, said pressure 
applying means including 

a closed pneumatic pressure actuation means: 

Li pressure medium posiuoned between said pres- 
sure actuatit>n means and said portion of the pa- 
tient's body, saii.1 pressure medium being resp<.m- 
sive to said pneumatic pressure actuation means 
to apph pressure Xo said b<,>dy portion; 

said pressure medium being a combination of a gas- 
eous material and a liquid material; 

said liquid material being placed within a tlrst flexi- 
ble sealed member in contact with said body por- 
tion; 

said gaseous material being placed within the said 
housing between said first flexible sealed mem- 
ber and said h<.Hising; 

said pneumatic pressure actuation means being cou- 
pled to said gaseous materiah and 

means for synchronizing the operation of said pres- 
sure actuation means Xo apply said pressure cycli- 
cally to produce alternating compression and de- 
compression of said body portion in synchronism 
with said patient's heartbeat, 

12. Apparatus for pr<n iding external assistance for 
the circidatitMi of bUxKl in a patient comprising 

substantially rigid housing means having a substan- 
tially fixed V illume for enclosing a portion of said 
patient "s b(^dv; 

means for cyclicalK appiv ing pressure to said body 
porti<m within said housing means, said pressure 
apph ing means including 

a clo.sed pneumatic pressure actuation means: 
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a pressure metliuni positionocl bctueei^ suic! pres- 
sure actiKition jneai^s aiiJ sak) ptirtion of the p;i- 
tient's body, said pressure mediinn being respon- 
sive lo said pneLnnatie pressure actuation means 
to apply pressure to said btuiy portiim: 

saki pressure medium being a comhinatitm of a gas- 
eous niiilerkil iind a liquid material: 

said gaseous material being placed within a flexible 
sealed member in contact with and enclosing said 
bod\ portion: 

said liquid material being placed within said hous- 
ing bet^^eo^ said flexible gaseous container and 
said htuising: 

said pneumatic actuation means being coupled to 
said liquid material, and 

means for synchronizing the ope rat it m of said pres- 
sure actuation means to apply said pressure cycli- 
cally to produce alternating compression and de- 
compression of said btKly portion in sync hrtm ism 
with said patient's heartbeat. 

13. Apparatus for pro\iding external assistance for 
the circulation of hKnu] in a patient comprising 

substantialh rigid housing means ft>r enclosing a por- 
tion of said patient's btuiy, said housing means in- 
cluding means for adjusting the \oUime enck>sed 
thereby to provide f<^r a variable volume when en- 
closing saiti both portion; 

means for cyclically applying pressure to said body 
portion within said housing means, said pressure 
uppKing means including 

a closed pneumatic pressure aetuatitm means; 

a pressure medium, at least a portion <^f which is in 
gasetnis form, pv^sitioned between said pressure 
actuation means and said j^ortion of the patient's 
body, said pressure medium being responsive lo 
said pneumatic pressure actuation means tt> 
appl\ pressure to said btidy portion; and means 
for synchronizing the operation of said pressure 
actuation means to apply said pressure cycHcaHy 
lo produce alternating cimiprcssioii and decom- 
pression of said body pt>rtion in synchronism 
with said patient's heartbeat. 

14. Apparatus in accordance w ith claim 13 whereiti 
saitl pressure medium is enclosed in a flexible sealed 
menU^er which is pressure expansible, at least a part of 
said sealed member being in contact with said body 
porlitui. 

15» Apparatus in accordance w ith claim 14 wherein 
a first portion of said sealed member is formed of a flex- 
ible material sealably clamped to the ends of said hous- 
ing and a second portion thereof is formed by said 
housing. 

16. Apparatus in accordance with claim 14 wherein 

said sealed member is a nexible tid*)ular means formed 
independently of said housing, said sealed member 
being pcisitioned during operati<^n t>f said apparatus be- 
tween the inner wall of said housing iind said body por- 
titm Xo flexibly enclose said body portion. 

17. Apparatus in accordance u ith claim 13 wherein 
said pressure mediinn is a combination of a gaseous 
material and a liquid material placed within a flexible 
sealed member in contact with each other. 

18. Apparatus in accordance w ith claim 13 wherein 
said pressure medium is a combinatitm of a gaseous 
material and a liquid material; 

said liquid material being placed within a first flexible 
sealed member in contact with said body portion; 
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SLiid gaseous material is placed within the saiti hous- 
ing between said flexible sealed member and said 
housing; and 

said pneumatic pressure act tuition means is coupled 
tt> said gaseous material. 

19. Apparatus in accordance with claim 13 wherein 
said pressure medium is a combination of a gaseous 
material and a liquid material; 

said gaseous material being contained within a flexi- 
ble sealed member in contact with and enclosing 
said body ptutiim; 

said liquid material being placed within said housing 
betw een said flexible sealed member and said hous- 
ing; and 

said pneumatic actuation means is coupled to said 
liquid material. 

20. An apparatus in accordance with claim 13 
wherein 

said housing is formed of sheet metal being arranged 
in a substantially frusto-conical shape and having 
ov erlapping portions along the longitudinal direc- 
tion thereof: and 

said adjusting means prtniding for the adjustment of 
the amount of ov erlap of said ^ov erlapping porticnis 
tt^ permit adjustment of the volume enclosed 
thereby. 

21. Apparatus for providing external assistance for 
the circulation of blood in a patient comprising 

substantialh rigid housing means for enclosing a por- 
tion of said patient's body; 

means for adjusting the volume enclosed by said 
housing means to provide for a variable volume 
when enclosing said body portion; 

means for cyclical)} applying pressure to said body 
portion within said housing means, said pressure 
applying means including 

pressure actuatit>n means; 

a liquid pressure medium enclosed in a flexible sealed 
member which is pressure expansible, said sealed 
member being positioned between said pressure 
actuation means and said portion of the patient's 
body, said pressure medium being responsive to 
said pressure actuation means to apply pressure to 
said body portion; and 

means for synchronizing the operation of said pres- 
sure Lictuation means to apply said pressure cycli- 
cally to produce alternating compression and de- 
compression of said body portion in synchronism 
with said patient's heartbeat. 

22. Apparatus in accordance with claim 21 wherein 
said pressure actuation means is a hydraulic pressure 
actuation means coupled to said liquid material in said 
flexible sealed member. 

23. Apparatus for providing external assistance for 
the circulation of blood in a patient comprising 

substantially rigid housing means for enclosing a por- 
tion of said patient's body; 
said housing means comprising a plurality of frusto- 
conical segments and further including 
means fi^r affixing a selected number of said seg- 
ments to one another to form a substantially rigid 
housing of a selected length and having openings 
at the ends thereof of predetermined diameters 
for use with body portions of different sizes; 
means for cyclically applying pressure to said body 
portion within said housing means, said pressure 
applying means including 
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a closed pneumatic pressure actuution means; 
a pressure medium, at least a portion of which is in 
gaseous form, positioned between said pressure 
actuation means and said portion of the patient's 
body, said pressure medium being responsive to s 
said pneumatic pressure actuation means to 
apply pressure to said body pt^rtion: anti 
means for synchronizing the operation t>f said pres- 
sure actuiition means lo a]^j^ly said pressure c\ c!i- 
cally to produce alternating compressi<in and de- lo 
compression of said bcHly porlit>n in synchronism 
with said patient's heartbeat. 
24. Apparatus for providing external assistance for 
the circulation of blood in a patient c<mi prising 

substantially rigid housing means for enclosing a por- 15 

tion of said patient's bod\ ; 
means for c\clically applying pressure to said body 
portion within said housing means, said pressure 
applying means including 

a closed pneumatic pressure actuation means: 20 
a pressure medium, at least a portion of which is in 
gaseous form, positioned between said pressure 
actuation means and said p<.>rtion of the patient's 
body, said pressure medium being respt^nsive to 
said pneumatic pressure actuation means to 25 
apply pressure to said b<Kiy portion; 
means for s\ nchronizing the operation of said pres- 
sure actuation means to apply said pressure cycli- 
cally to produce alternating compression and de- 
compression of SLiid body portion in synchrt>nism Mh 
with said patient's heartbeat; 
an evacuation chamber enclosing said housing means 
and the body portit)n enclosed by said housing; and 
vacuum pump means for maintaining a pressure 
within said evacuation chamber at a level below the 35 
lowest pressure achieved during the decompression 



portion of the cyclical pressure applied to said 
body portion. 

25. An apparatus in accordance with claim 23 
wherein said one-way \alve comprises a flexible ring 
positioned i>ver the ends of said housing, the free ends 
of said ring being held tightly against the body portions 
of said patient at said ends. 

26. An Lipparatus in accc^rdance with claim 25 and 
further including manifold means for ctm\esing 
trapped air from the interior of said housing to said end 
regi<ms thereof. 

27. An apparatus in accordance with chum 24 
wherein the ends of said member include 

a plurality of pockets formed therein between said 
layers; and 

a substantially rigid stay positioned in each i>f said 
pockets; 

whereby the tendency for said flexible sealed mem- 
ber to move relative t^> said htnising tends to be re- 
duced. 

28. An apparatus in accordance u ith claim 9 and fur- 
ther including i>ne-\\ay \ al\ e nieims positioned ut the 
common ends t>f said housing and s;iid flexihle sealed 
member to permit the expulsion of air from the region 
at said ends during the compression portion of said cy- 
clically applied pressure and to prevent the intake of uir 
into said region during the decompression portion of 
said cyclically applied pressure, thereby to maintain an 
effecti\ e ev acuation of air in siiid regiim during said de- 
compressi<.>n porticm. 

29. An apparatus in accordance with ckiini 1 u herein 
said tTexible sealed member is fornieti of j first kiyer of 
rubberlike material and a second layer of cloth-like ma- 
terial. 
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1 

VENOUS FLOW STIMULATOR 

This application relates to a venous flow stimulator, 
by which is meant a device used in some surgical opera- 
tions to apply pulsating pneumatic pressure to the legs 
of a patient while undergoing surgery, in order to pre- 
vent the occurrence of post-operative deep venous 
thrombosis. 

A known venous flow stimulator includes an electri- 
cally driven pump connected to one or a pair of inflat- 
able pressure applicators (or pneumatic boots) adapted 
to be positioned around the patient's legs and feet. 
Pressure is applied (and released periodically) to the 
calf muscles of the legs of the patient by means of this 
boots so as to prevent stasis of blood flow in the deep 
veins of the legs. This reduces the risk of deep venous 
thrombosis occurring. 

It is necessary to use the known form of venous flow 
stimulator to treat a patient throughout the preopera- 
tive, operative and postoperative period, treatment 
ceasing when the patient is ready to get out of bed. 
Each patient requires a machine for a relatively long 
period, and post-operatively the treatment may cause 
him discomfort and apprehension. Because the treat- 
ment is prolonged a considerable number of machines 
have to be employed and surgeons are reluctant to 
bring them into general use. 

It is the aim of the present invention to provide an im- 
proved venous flow stimulator giving more effective 
treatment to enable the period of treatment to be re- 
duced to that taken up by the surgical operation itself, 
so that the venous flow stimulator caii therefore be es-. 
sentially an apparatus for use only in the operating the- 
atre. 

According to the present invention there is provided 
a venous flow stimulator which is as claimed in the ap- 
pended claims. 

The venous flow stimulator of the present invention 
will now be described by way of example with refer- 
ence to the accompanying drawings, in which: 

FIG. 1 is a schema of one form of flow stimulator of 
the present invention; 

FIG. 2 is a diagrammatic view of the stimulator in po- 
sition during a surgical operation; 

FIG. 3 is a graph of voltage v, time for the electrical 
pulses controlling operation of the stimulator, and 

FIG. 4 is a graph of pressure v. time for the pneu- 
matic pulses supplied by the stimulator to the boots en- 
casing the patient's legs. 

The venous flow stimulator shown in FIG. 1 includes 
a source 2 of pressurised gas usually in the form of the 
portable cylinder 4 shown in FIG. 2 leading through a 
solenoid-operated valve 6 to a flow regulator 8 (for ex- 
ample, of the type described in our UK patent specie- 
cation No. 1,039,528). The flow regulator 8 leads 
through conduit 10, to a device 12 adapted to generate 
pulses of pressurised gas. 

The device 12 has a gas supply chamber 14 of which 
an outlet 16 is controlled by a rocker valve 18. One 
wall of chamber 14 is formed by a diaphragm 20 carry- 
ing a permanent magnet 22. The device 12 also has a 
control chamber 24 formed by bellows 26, of which the 
end wall carries a second permanent magnet 28 and a 
conduit 30 leading to an adjustable bleed valve 32. Ex- 
tending from the device 12 is a conduit 34 in which is 
positioned an injector 36. The injector is adapted to re- 
ceive gas under high pressure from conduit 34 and di- 
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lute it substantially with ^ir from the atmosphere/ in 
order to produce larger volumes of gas at lower pres- 
sure suitable for pressurising both boots 38 fitted to the 
feet and legs of the patient. 
5 Downstream of the injector 36 the conduit 34 leads 
to two further conduits 40 and 42. The conduit 40 leads 
to the inlet of a pneumatically operated exhaust valve 
44, while the conduit 42 leads to a pressure-relief valve 
46 and to the interior of chamber 24 through a non- 
10 return valve 48. 

Operation of the device 12 is governed by the pivatal 
position of rocker 18, which is in turn controlled by 'the 
relative positions of magents 22 and 28. The rocker 18 
is of a, soft niagnetic material, such as Swedish iron, so 
IS that the rocker is able to be pivoted about its fulcrum 
when one or other of the magnets becomes dominant. 
As magnet 22 is positioned on the stationary diaphragm 
20, the force it applies on rocket 18 in the valve-closing 
direction is substantially constant. Because the magnet 
20 28 is positioned on the movable end wall of bellows 26, 
the magnet 28 is movable between two limit positions, 
in one of which its magnetic field overcomes that ex- 
erted on rocker 18 by magnet 22 and forces the rocker 
to pivot in the valve-opening direction. In the other 
25 limit position the magnetic field produced by magnet 
28 falls below that exerted on rocket 18 by magnet 22 
thus causing the rocker to be moved in the valve- 
closing direction. 
A conduit 50 is pressurised from source 2 and leads 
30 to a pressure switch 52 which, when closed, causes a 
battery 54 to be connected across a capacitor C and 
across the input terminals of an electronic timer 56 
having three outlets (labelled X, Y and Z) which are 
connected to respective terminals on a solenoid 58 
3^ controlling operation of valve 6. 

The detailed circuitry of timer 56 is not described in 
this specification, but it is based on the use of digital in- 
tegrated circuitry of the COS/MOS type. In particular, 
although this is not shown in the drawings or described 
herein in any greater detail, the timer includes a 
square-wave oscillator adapted to be energised by bat- 
tery 54. The output of the oscillator is fed through a 
pulse-shaping circuit to a solid state switching circuit. 
. Both the oscillator and pulse-shaper consist of two in- 
^ put, quadded NOR gates, which are available commer- 
cially, one form thereof being sold by RCA as an item 
in their COS/MOS CD4000A series of integrated cir- 
cuits. The various components of these integrated cir- 
cuits are interconnected through suitably rated electri- 
cal components to derive an output havihg the charac- 
teristics shown in FIG. 3 of the accompanying draw- 
ings. In a typical output, there is a positive-going pulse 
of 9 V amplitude and lasting 50 ms, followed after an 
interval of about 10 5 by a negative-going pulse of the 
same amplitude and duration. At a period of between 
100-1205 after the occurrence of the negative-going 
pulse, a further pair of successive positive-going and 
negative-going pulses is generated. The positive -going 
pulses are labelled 'set' pulses while the negative-^going 
pulses are labelled ' reset' pulses. 

The reason for choosing set and reset pulses of Oppb** 
site polarity is to avoid ambiguity in question of sole* 
noid 58 when the circuit is first energised. If the circuit 
were previously deenergized while in the resting state, 
and if the first pulse received when next energised is a 
negative-going pulse, the solenoid 58 is not operated, 
and so the circuit is kept static until arrival of the next 
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positive pulse. Thus the risk is avoided of having the which pressurizing gas is applied to the pneumatic 

boots inflated during the long resting phase, and kept boots; the maximum which this pressure reaches; the 

deflated during the intended inflation phase, as could speed with which the pressure is reduced, and the tim- 

happen were both the set and reset pulses were of the ing between successive pressurization cycles. These 

same polarity. 5 characteristics are indicated diagrammatically in FIG. 

As already mentioned, these pulses are applied to the 4. Before these are discussed in any further detail, the 
respective terminals of solenoid 58, the setting pulses operation of the venous flow stimulator will, be de- 
serving to switch the valve 6 into the position in which scribed in further detail. 

the source 2 applies a continuous stream of gas under In the initial, unenergized, state of the stimulator, the 

pressure to device 12 through pressure regulator 8. 10 bellows 26 is in its deflated condition, being biased to 

When a reset pulse is received, the valve is returned to that position by a compression spring (not shown). The 

the illustrated position in which no further pressurised detailed construction and operation of the bellows is as 

gas is siipplied to regulator 8, the conduit upstream described in our UK patent specification No, 866 758, 

thereof being vented to atmosphere. and so will not be described in greater detail herein. In 

The function of capacitor C is to act as an energy- 15 this position the magnet 28 is more effective than is 

storing device to ensure that the current drain on bat- magnet 22, thus biasing the rocker 18 open so that the 

tery 54 is reduced to the minimum constant with reli- inlet 16 of conduit 34 is in communication with cham> 

able operation, while at the same time lengthening the ber 14. The exhaust valve 44 is open, allowing the inte- 

life of battery 54 so that it needs to be replaced only at rior of both boots 38 to vent to atmosphere, 

infrequent intervals. The timing circuit 56 is such that 20 When it is desired to start operation of the apparatus, 

when a set or reset pulse is applied by it to solenoid 58, the gas under pressure is applied to pressure switch 52 

most of the energy for the pulse is derived from capaci- and to valve 6 from a suitable source, such as a cylinder 

tor C. Thus ensures that the capacitor C is charged by of compressed air, nitrogen or oxygen. The use of oxy- 

battery 54 when no pulses are being produced by the gen might seem surprising, in view of its higher cost but 

timer, thus converting a substantially constant current 25 it has been found that oxygen is usually more readily 

drain on battery 54 into intermittent current pulses of available in hospitals than the other gases and so is 

relatively high amplitude. The function of pressure more convenient to use despite its higher cost. The pos- 

switch 52 is to disconnect the battery 54, and disable sible or preferred use of oxygen means that none of the 

the timer circuit, when there is insufficient gas pressure valves in the apparatus, at least on the high-pressure 

in the inlet to the pneumatic circuit to operate the 30 side thereof, can be lubricated, because oxygen can 

pneumatic boots 38. react explosively with some lubricants under certain 

The boots 38 themselves are already known, and so conditions. The valves are therefore designed with the 

will not be described in great detail in this specification. use of oxygen in mind. 

The boots are double-walled, and at least the inner wall Closure of pressure switch 52 causes the timer 56 to 

is, made of a flexible plastics material which is able to send put a set pulse to solenoid 58. This switches over 

take up the contours of the patient's lower leg and foot. valve 6 to the position in which gas under pressure 

Air under pressure is introduced into the space be- flows through the pressure regulator 8 and into the in- 

tween the two walls. When the air of other gas is first teripr of chamber 14. From there, the rocker 18 being 

introduced, it causes the outer wall to distend until it open, it passes into injector 36, is diluted with atmo- 

reaches its final shape, after which the further increase spheric air and passes into the operating volume of the 

in pressure forces the inner wall more and more firmly pneumatic boots 38. As soon as a superatmospheric 

against the patient *s limb. This pressure is transmitted pressure is generated in conduit 34 this causes the ex- 

to the patient's veins and other blood vessels, causing haust valve 44 to be switched over so that the conduit 

them to dilate. is isolated from the atmosphere. By virtue of conduits 

This contraction expels blood from the vessels in the 34 and 42, the pressure in the interior of the boots 38 

direction dictated by the usual valving arrangements is transmitted to the pressure-relief valve 46 and to the 

forming part of the body's vascular system. When a de- interior of control chamber 24 of device 12. As this 

sired maximum pressure has been reached the pneu- pressure is greater than that needed to overcome the 

matic pressure in the boot is released, as by venting to force of the biasing spring, the chamber 24 starts to in- 

atmosphere the space between the two walls of the crease in volume, although gas is bled away from cham- 

boot. This reduction in pressure allows fresh blood to ber 24 at a rate determined by the setting of needle 

be pumped by the heart into the limbs and blood ves- valve 32. Under normal conditions of operation, the 

sels. The cyclic compression and expansion applied by valve 32 bleeds gas away from chamber 24 at a rate 

the boots simulates the ^massaging* of the legs* blood much lower than that at which gas enters the chamber 

vessels which is normally applied by the calf muscles from conduit 42, so that the bellows 26 are distended 

when the patient is standing or walking, but which ac- at a chosen rate. As the magnet 28 is moved away from 

tiori is inhibited or stopped when the patient is anaes- rocker 18 by this distention of the bellows, there comes 

thetized and is in a lying position. a point when the field of magnet 28 is less effective 

The present invention therefore increases both the than that of magnet 22, and the rocker valve closes, 

peak femoral vein flow and pulsatility, leading to the This is arranged to take place when the pressure in the 

same mean mass transfer of blood as when the body is interior of boots 38 has reached a desired maximum, 

working normally. According to the teaching of the present invention, a 

In accordance with the present invention, it has been desired rate of pressurization of the boots is such that 

found that the effectiveness of the pneumatic boots is the operating pressure therein should increase at the 

related closely to the pattern of the pressure cycle to rate of 8 mm of mercury (Hg) per second, and the de- 

which . they are subjected. In particular, it has been sired maximum value should be of the order of 50 mm 

found that amongst the critical factors are: the rate at Hg, all the pressures being measured above atmo* 
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spheric. Thus the boots would take about 6-7 seconds 
to inflate. 

When the rocker 18 has switched over, this causes 
the pressure in chamber 14 to increase until the arrival 
of the next reset pulse at solenoid 58, but this pressure 
is not passed on the pneumatic boots, because of the 
closure of the rocker valve 18. When the reset pulse 
does arrive, it switches over valve 6 and enables cham- 
ber 14 to be vented to atmosphere 

With closure of rocker valve 18, the reduction of 
pressure in conduit 34 allows valve 44 to open, thus 
venting to atmosphere the interior of both boots 38. It 
is envisaged that this venting would take place under 
the natural compliance of the system but it could be as- 
sisted by a partial-vacuum device (not shown) adapted 
to apply a measure of vacuum to the interior of the 
boot to increase the rate at which they are deflated. 
This reduction in pressure closes the non-return valve 
48, but the chamber 24 continues to be vented through 
valve 32, thus allowing magnet 28 to move towards the 
position in which it is effective to open rocker 28. How- 
ever, the rate-of-return of magnet 28 is governed so 
that by the time it is effective to open the rocker valve, 
the inlet valve 6 has received the reset pulse and closed. 

The stimulator then stays in its rest position awaiting 
the arrival of the next set pulse, which occurs some 100 
to 120 seconds after the preceding reset pulse. This in- 
terval is usually set by the manufacture of the stimula- 
tor, or it may be under the control of the anaesthetist 
or other person in the operating theatre. 

It has been found that the stimulation of the blood- 
pumping movement of the calf muscles is so effective 
that the venous flow stimulator of the present invention 
need be used only during the surgical operation. 

It is within the purview of the present invention to 
apply the pressure pulses to the two boots alternately. 
This would require a modification in the outlet circuit 
of the stimulator, involving principally the addition of 
a pneumatic flip-flop valve, and to altering the timing 
circuit of the stimulator so that it generates pulses of 
the same shape but at twice the frequency described 
above. This would ensure that alternate pulses would 
be applied to each of the boots, so that each of the 
boots would receive exactly the same cycle of pulses as 
described above, but with the two cycles being out of 
phase with each other. However, so far it has been 
found by experiments that there is no significant advan- 
tage to the patient in having alternate pressurization of 
the boots, and so the additional cost and complication 
of providing this option are not usually justified. 

What we claim is: 

1. An apparatus useable in conjunction with a source 
or pressurized gas for stimulating venous blood flow in 
the legs of patients undergoing surgery, said apparatus 
including at least one double-walled pneumatic boot 
positioned on and completely enclosing a patient's leg 
and foot; said boot having an operating space defined 
between the walls thereof; a supply valve operative to 
control the supply of gas at a suitable pressure from a 
pressurized source to the operating space; means re- 
sponsive to the gas pressure in the operating space for 
closing the supply valve when the pressure reaches a 
chosen maximum valve; a timer means adapted to pro- 
duce a series of successive set and reset pulses, and an 
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inlet valve means, controlled by the timer, for supply- 
ing gas to the supply valve upon receipt of a set pulse, 
and for discontinuing the supply of gas upon receipt of 
a reset pulse. 

5 2. A venous flow stimulator as claimed in claim 1, in- 
cluding injector means positioned downstream of the 
supply valve between the supply valve and boot for re- 
ceiving high-pressure gas from the open supply valve 
and for diluting it with atmospheric air thereby produc- 

10 ing a larger volume of gas at lower pressure for feeding 
to the pneumatic boot as long as the supply valve is 
open. 

3- A venous flow stimulator as claimed in claim 1, in- 
cluding means for energizing the timer only when the 

13 pressure of the supply of gas to the said inlet valve is 
above a chosen minimum. 

4. A venous flow stimulator as claimed in claim 3, in 
which the timer is electronic and is composed of units 
of integrated circuitry. 

20 5. A venous flow stimulator as claimed in claim 1, in 
which the said supply valve includes a magnetic rocker 
valve and two permanent magnets mounted for relative 
movement, said rocker valve being operated by relative 
movement of said magnets. 

25 6. A venous flow stimulator as claimed in claim 5, iii 
which the said supply valve includes a bellows having 
a portion thereof movable relative to said rocker valve, 
said movable portion carrying one of the said two per- 
manent magnets for movement thereof toward and 
away from actuating relationship with the rocker valve. 

7. A venous flow stimulator as claimed in claim 6, in- 
cluding an adjustable bleed valve in the bellows, said 
bleed valve venting the bellows to atmosphere at a de- 
sired rate. 

35 

8. A venous flow stimulator as claimed in claim 1, in- 
cluding an exhaust valve biased to the open position, 
said exhaust valve being operatively controlled by the 
outlet pressure of the gas from the supply valve in a 
manner whereby when the outlet pressure exceeds a 
chosen valve the exhaust will close, the inlet of the ex- 
haust valve being in communication with the operating 
space of the boot for a selective venting thereof. 

9. A venous flow stimulator as claimed in claim 4, in 
^2 which the timer produces set and reset pulses of oppo- 
site polarity. 

10. A venous flow stimulator as claimed in claim 9, 
in which the intervals between successive set and reset 
pulses is approximately 10 seconds, and between suc- 

50 cessive reset and set pulses is approximately 100 - 1 20 
seconds. 

11. A venous flow stimulator as claimed in claim 10, 
in which shunted across input terminals of the timer is 
a capacitor adapted to be discharged through the timer 

55 to contribute energy to the pulses, and to be charged 
in the intervals between the pulses. 

12. The method of stimulating venous blood flow in 
the leg of a patient undergoing surgery comprising in- 
termittently forcing blood from the veins of the leg by 

60 an intermittent pressurization of a leg and foot encasing 
pneumatic boot at an increasing rate of 8 mm of mer- 
cury per second to a maximum on the order of 50 mm 
of mercury, and subsequently releasing the pressure. 

He « « * 9|c 
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[57] ABSTRACT 

A method and apparatus for sequentially inflating and 
deflating a compression device or the like to stimulate 
blood flow and prevent deep vein thrombosis. The 
apparatus includes an air compressor with a regulator 
valve providing fast inflation of such device to a pres- 
sure of approximately 60 mm Hg (L2 psi) within 3 to 7 
seconds. A pulse timer and a delay timer in the system 
are coupled together for actuating the compressor and a 
pressure relief valve to peak and maintain a pressure in 
the device for a measured period of time. 

20 Claims, 4 Drawing Figures 
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MEraOD AND APPARATUS FOR PULSING A 
BLOOD FLOW STIMULATOR 

BACKGROUND OF THE INVENTION 5 

There have been various body compressing devices 
proposed to sequentially squeeze a patient's limbs, usu- 
ally the legs, to aid in blood circulation. Such compres- 
sion devices are intended to prevent pooling of blood in 
limb extremities where a deep vein thrombosis (blood 
clot) caii form. 

One type of patient limb compression device is de- 
scribed in a co*pending application by Bishop and 
Choksi, entitled Pulsatile Stocking and Bladder There- . ^ 
for, Ser. No. 820,104, filed July 29, 1977, now U.S. Pat. 
No. 4,153,050. The subject matter of the present appli- 
cation deals with an improved pumping system for 
sequentially inflating a limb compressing device, such as 
the stocking described in the above co-pending applica- 
tion. 

It has been known to use air compressors, and tanks 
of compressed air to inflate body compressing devices, 
which were thereafter deflated by venting a valve to the 
atmosphere. Examples of such inflation systems are 25 
described in U.S. Pat. Nos. 2,140,898; 2,145,932; 
2,674,231; 3,901,221; and 3,942,518. The inflation sys- 
tems described in this prior art would either provide a 
very slow rise time to the desired pressure, or include 
large cumbersome compressed air tanks or compressors 
that are not easily portable throughout the hospital. It is 
noted that the compact air supply unit described in the 
present application may be conveniently disconnected 
from the stocking described in the above copending 
Bishop and Choksi application. The stocking/bladder 35 
device is lightweight and pliable permitting ambulatory 
patients to walk while still wearing such stockings. 

It has also been determined that blood circulation is 
improved if the compression device is quickly inflated 
to a slight pressure peak, 5 to 10 mm Hg above its de- 40 
sired plateau pressure, and held at a generally constant 
plateau pressure for more than 10 seconds, and then 
deflated. The prior inflation systems for limb compress- 
ing devices inflated them in either one or two steps to a 
peak pressure point and immediately deflated the de- 4.5 
vice. With such arrangement, much of the blood flow 
stimulation occurs at less than peak pressure. It is be- 
lieved that a greater volume of blood can be pumped 
through the limb with a compression cycle that has a 
generally constant plateau pressure for a considerable 50 
period of time. 

SUMMARY OF THE INVENTION 

The present invention provides an improved inflation 
system for a limb compressing device that can provide 55 
a fast rise time of 50 to 70 mm Hg (1 to 1.4 psi) in a 
period of 3-7 seconds, and thereafter maintain a gener- 
ally constant plateau pressure at this level for at least 10 
seconds. The system has a small portable air compres- 
sor, weighing approximately 9 pounds, with an output 60 
pressure of greater than 520 mm Hg (10 psi). A regula- 
tor off the compressor establishes an intermediate sup- 
ply pressure in the range of 1 10 to 520 mm Hg (2 to 10 
psi) for inflating the device to a pressure peak and pla- 
teau pressure below 110 mm Hg (2 psi). After the quick 65 
rise time, the generally constant plateau pressure is 
maintained by a pressure relief valve that permits excess 
air to escape from the compressor. 
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At the end of the pressure cycle, a portion of the air 
is forced out of the device through the connecting tub- 
ing and out of the exhaust port of the 3-way valve. The 
air evacuates due to the force created as the patient's leg 
expands back to its normal size, due to elasticity of the 
stocking and due to atmospheric pressure. Air in the 
device remains at atmospheric pressure until the next 
pressure cycle. Actuation of the above cycle is con- 
trolled by a pulse timer and a delay timer coupled to- 
gether for operating the compressor, two 3-way valves 
and a rise time valve provided with a preset pressure 
relief valve set at the desired plateau pressure. The pulse 
timer actuates a flip-flop relay to alternate the pressure 
cycle to either the right or left leg. 

THE DRAWINGS 

FIG. 1 is a side elevational view of a patient limb 
compression device that is inflated and deflated by the 
system of this invention; 

FIG. 2 is a graph showing the preferred fast rise time, 
generally constant plateau pressure and decompression 
of the device; 

FIG. 3 is a graph showing the sequence of pulse 
cycles between devices on both legs of a patient; and 

FIG. 4 is a schematic view of the electrical and air 
circuits of the inflation system. 

DETAILED DESCRIPTION 

FIG. 1 shows a schematic view of a limb compression 
device 1, such as a stocking, that has a bladder chamber 
2 into which fits an inflatable bladder (not shown). A 
tube 3 connects a bladder within chamber 2 to a pulsing 
pump device 4. The stocking and bladder form no part 
of this invention and are shown only for background 
information. This invention relates to the pulsating 
pump device 4 and to its structure and method of inflat- 
ing the patient compression device. 

The pumping device 4 is a small portable unit weigh- 
ing only approximately 16 pounds. To provide a very 
quick and reliable rise time in inflating the bladder, the 
compressor has an output of more than 520 mm Hg (10 
psi). An output of 780 mm Hg (15 psi) works very well, 
but the output pressure could be 1040 mm Hg (20 psi), 
if desired. The compressor provides air to the system 
controlled by a pressure regulator 30 (FIG. 4), to pro- 
vide an intermediate control pressure of approximately 
260 mm Hg (5 psi). Depending on the rise time and 
plateau pressure desired, this intermediate control pres- 
sure could be within the range of 140 mm Hg (2 psi) to 
520 mm Hg (10 psi). 

An air compressor that merely puts out 260 mm Hg (5 
psi) could be more likely to vary in its output pressure 
under differing loads on the motor during start up, etc. 
This could change the inflation pressure at the 5 second 
delay time. A compressor has been previously tried 
which put out 260 mm Hg (5 psi), but it was unsuccess- 
ful because of the inordinately long period of time it 
took to inflate the bladder. It might be possible that a 
compressor putting out 260 mm Hg (5 psi) which in- 
cluded a very large compressed air storage tank, such as 
used in gasoline stations to inflate tires, might provide 
the proper inflation time because of the large backup air 
supply reservoir. However, such large and cumbersome 
compressor would not be practical for portable hospital 
use. The compressor described in the present applica- 
tion is preferably used without a storage tank to reduce 
costs and weight. In applicant's device compressed air 
from the 260 mm Hg (5 psi) regulator valve 30 (FIG. 4) 
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valve is supplied directly to the compression stocking to 
inflate its bladder to approximately 60 mm Hg (1.2 psi) 
in the preferred 5 second time. There is no storage tank. 

As shown in FIG. 2, the fast rise portion is shown as 
numeral 5 on the graph. The pressure reaches a peak, 5 
preferably in the range of 5 to 10 mm Hg above the 
plateau pressure of 50 to 70 mm Hg, in a period of 3 to 
7 seconds. The pressure increase is then halted with a 
timing means to establish a generally constant plateau 
pressure for at least 10 seconds (shown in FIG. 2 as 10 
approximately 14 seconds). In FIG, 2, this plateau pres- 
sure is illustrated as 60 mm Hg, and after approximately 
14 seconds, a timing means actuates the deflation of the 
bladder. 

From FIG. 2 it can be seen that the pressure is main- 15 
tained above 30 mm Hg (0.6 psi) for a considerably long 
time, i.e. 20 seconds, but could be in the range of 15 to 
25 seconds. The plateau pressure, approximately 60 mm 
Hg (1.2 psi), is maintained for at least 10 seconds at a 
generally constant pressure. While it is recognized there 20 
might be slight fluctuations in the plateau pressure, such 
fluctuations would be within a pressure range of 8 mm 
Hg or less. 

The pressure versus time graph of FIG. 2 shows only 
the sequence of the inflation, pressure peak, plateau, and 25 
relief (deflation). FIG. 3 shows how these sequences are 
combined for alternating pulses between the patient's 
left and right legs which both have compression de- 
vices, such as shown in FIG. 1. For each leg, the cycle 
is approximately 80 seconds long and thereafter repeats 30 
itself. It is noted in FIG. 3 that the rise time plus the 
peak and plateau time for one leg is 20 seconds, while 
the time between terminating the plateau pressure of 
that particular leg and start of the rise time of the oppo- 
site leg is also 20 seconds. Therefore, a simple alternat- 35 
ing or pulse timer, as will be explained later, can control 
a compressor output with a repeating timing sequence 
of 20 seconds "on" and 20 seconds "off. For purposes 
of this application, the rise time is defined as the time to 
reach the peak pressure. It is understood that the peak 40 
pressure is shown schematically and in practice may 
have a more tapered blending with the plateau pressure. 

Still referring to FIGS. 2 and 3, the sharp rise time of 
approximately 5 seconds to approximately 70 mm Hg 
(1.4 psi) is controlled by a 5 second delay timer. The 45 
tolerance on such timer is between 4.5 and 5.5 seconds. 
In FIG. 2 as the compressor starts to inflate the bladder 
of the compression device, the delay timer kicks in after 
5 seconds aiid opens a valve that is set at 60 mm Hg (1.2 
psi). This causes the pressure rise to stop and establish a 50 
generally constant plateau pressure for a period of 10 
seconds or more. It has been found that the peak and the 
plateau pressures are more easily controllable by mea- 
suring the time rather than the pressure. Because of a 
controlled intermediate pressure from regulator 30 sup- 55 
plying the stocking bladder, a given period of time, i.e. 
5 seconds, will establish the desired peak and plateau 
pressure of approximately 70 mm Hg and 60 mm Hg 
respectively. 

The interrelationship between the pulse timer and 60 
delay timer which are electrically coupled is best seen in 
FIG. 3. At time zero, the pulse timer begins its "on" 
cycle for 20 seconds, and at the same time the 5 second 
delay timer begins its count. At the end of 5 seconds, the 
peak pressure of approximately 65-70 mm Hg has been 65 
reached. The delay timer actuates solenoid valve 22 so 
that an approximately constant plateau pressure is main- 
tained. Because the compressor is still running while air 



is bleeding out of the solenoid valve 22 and pressure 
relief valve 26, this tends to dampen out the fluctuations 
in the generally constant plateau pressure. 

At the end of its 20 second "on" time, the pulse timer 
sequences to its 20 second "off time and shuts off the 
compressor output. Valve 23 or 25 exhausts air through 
the respective valve from port 2 to port 3 during the 
"off time, causing the bladders to deflate to atmo- 
spheric pressure with approximately 15 seconds. At the 
end of its 20 second "off time, the pulse timer starts the 
compressor output and switches the inflation to the 
bladder of the opposite leg. Initiation of the "on" cycle 
also triggers the delay timer which begins its 5 second 
count. After the second leg bladder has been inflated 
and deflated, the cycle, which takes approximately 80 
seconds, has been completed. 

It has been found that the very fast rise time, the peak 
pressure, the period of pressure of above 30 mm Hg, and 
the generally constant plateau pressure for at least 10 
seconds, provides improved blood flow stimulation. 
Such pressure and time profiles are generated by the 
interreaction of the pulse timer, the delay timer, the 
compressor and its pressure relief valves. 

The schematic electrical and air diagrams describing 
the interrelationship of these parts is shown in FIG. 4. 
Here a grounding type plug 10 for connecting to a 120 
volt, 60 Hz power supply is provided. The current LI is 
routed through the cord, fuse 11, and through a lighted 
double pole on-off switch 12 to a pulse timer 13. The 
constant output pulses of the timer consist of 20 seconds 
"on" time followed by 20 seconds "off time. 

A first "on" pulse energizes the coil of an alternating 
relay 14 latching to a relay armature causing contact 15 
and 16 to be made. Contact 17 has assumed the position 
designated as R during the previous "off period of the 
timer. The two positions of contact 17 indicate right 
bladder and left bladder. The circuit as shown in FIG. 
4 is completed to L2. 

Current flows from contact 15 to the capacitor 18 of 
motor 19 which drives compressor 20. The circuit is 
also complete to the 5 second time delay relay 21 that is 
connected to a solenoid actuated valve 22. During this 
condition, the motor driven compressor operates and 
the solenoid operated air valve 23 controlling the right 
bladder opens. 

Simultaneous to the above, the time delay relay 21, 
which is in series with the solenoid operated (normally 
closed) air escape valve 22 prevents the solenoid from 
being energized until 5 seconds have elapsed. This ac- 
tions activates regulator 30, causing the right bladder to 
fill to the established 60 mm Hg pressure within the 
specified time of 5 seconds. The pressure indicator light 
24 is illuminated. 

After 5 seconds have elapsed, the tityie delay relay 
completes the circuit to the solenoid actuated escape 
valve 22 allowing air to escape at a balanced rate from 
pressure relief valve 26 and maintain the generally con- 
stant peak pressure. 

Upon completion of the pulse timer's "on" pulse of 20 
seconds, the relay coil 14 becomes deenergized, releas- 
ing the armature and interrupting contacts 15 and 16. 
Thus, current is interrupted to the motor driving the 
compressor and solenoid valves 23 or 25. Also, during 
the release of relay armature 14, contact 17 assumes the 
left leg position L. 

During the ensuing 20 second "off period of the 
pulse timer, air pressure in the right bladder is relieved 
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through the air conduit through exhaust port 3 of valve 

23. . .;' '':'T'U:r^''"'" ^/ 

Another 20 secpiid "6ri" period fpllows, jijgain c 
ing contacts 15 and 16 to be Mde. fc^ has as- 

sumed position L during the preceding "off ' period of 
the pulse timer/ The solenoid air valve 25 of the left 
bladder opens. The sequence of operation is as de- 
scribed for the previous "on" period, except that air is 
now directed to the left leg bladder. The indicator light 
24 is illuminated. Another 20 second "off* period of the 
pulse timer follows, completing the total cycle time of 
80 seconds. The cycle is then repeated. 

It is important that there be a primary pulse timer and 
a secondary delay timer to perform the functions de- 
scribed above. If desired, these two timers could be 
consolidated into a single component which performs 
these two separate timing functions. 

If desired, solenoid valves 23 and 25 could be consoli- 
dated into a single 4-way valve to reduce cost. The 
function of the 4-way valve would be the same as the 
two 3-way valves. 

Various types of timers can be used for the pulse 
timer and the time delay relay. Examples are the solid 
state Schmidt trigger, R-C circuit, or a binary counter 
device. In FIG. 4, all the components within the dotted 
line could be replaced with a compact solid state timer 
board assembly. If desired, the solid state timer board 
assembly could be designed with an adjustment (to be 
made by qualified technical personal) to alter the peak 
spike pattern. 

The motor, compressor, timers, solenoid valves, etc. 
are preferably compactly packaged in a small case for 
easy portability. 

In the foregoing description, a specific example has 
been used to describe the invention. It is understood by 
those skilled in the art that certain modifications can be 
made to this example without depicting from the spirit 
and scope of the invention. 

I claim: 

1. A method of controlling the inflation rate and 40 
pressure in a body compression device for aiding blood 
circulation comprising the steps of: 

(a) utilizing a gas pressure at an output of a gas supply 
source that is greater than the desired operating 
pressure for the device; 

(b) venting a portion of the gas from the output to 
establish a control pressure less than said gas sup- 
ply pressure; 

(c) dispensing gas at the control pressure into the 
device for a measured period of time which auto- 
matically provides a predetermined inflation rate 
and operating pressure; and 

(d) maintaining a generally constant plateau pressure 
for a measured period of time by opening a balanc- 
ing vent means downstream. 

2. A method as set forth in claim 1, wherein the con- 
trolled gas is vented and dispensed simultaneously. 

3. A method as set forth in claim 1, wherein the out- 
put pressure is above 520 mm Hg (10 psi). 

4. A method as set forth in claim 1, wherein the con- 
trol pressure is within the range of 50 to 520 mm Hg (1 
to 10 psi). 

5. A method as set forth in claim 1, wherein the de- 
vice's peak pressure is below 101 mm Hg (2 psi). 

6. A method as set forth in claim 1, wherein the de- 
vice is inflated to a pressure above 30 mm Hg (0.6 psi) 
in less than 7 seconds, and maintained at or above this 
pressure for a period of 15 to 25 seconds. 
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7. A method as set forth in claim 1, wherein the de- 
vice is inflated to a pressure of 50 to 70 mm Hg (1 to 1.4 
psi) Within a period of 3-7 seconds. 

8. A method as set forth in claim 1, wherein the gen- 
erally constant plateau pressure is in the range of 50 to 
70 mm Hg (1 to 1.4 psi). 

9. A method as set forth in claim 8, wherein the gen- 
erally constant plateau pressure is maintained for a per- 
iod greater than 10 seconds. 

10. A method as set forth in claim 1, wherein the 
device is deflated by actuating a control valve that 
exhausts air to the atmosphere. 

11. A method as set forth in claim 1, wherein the 
method includes applying pulses alternately to a plural- 
ity of limb compression devices. 

12. A method as set forth in claim 1, wherein the gas 
supply source is an air compressor with a motor; and the 
motor is on for a period of 15 to 25 seconds during 
compression, and is shut off for a subsequent period of 
15 to 25 seconds in a repeating cycle. 

13. Apparatus for supplying intermittent pressure to a 
body compression device for aiding in blood circulation 
comprising: a gas pressure source capable of generating 
gas pressures sufficiently high to inflate such device to 
a pressure of 50 to 70 mm Hg (1 to 1.4 psi) within 3 to 
7 seconds; a first timer for alternately starting and stop- 
ping gas flow from the source to the device; a second 
timer coupled to the first timer for actuating means to 
limit peak pressure in the device; and said apparatus has 
a downstream balancing vent means operably con- 
nected to said timers for maintaining such device in 
inflated condition at a generally constant plateau pres- 
sure which varies less than 8 mm Hg for a period 
greater than 10 seconds. 

14. Apparatus as set forth in claim 13, wherein the 
first timer is a pulse timer with a preset "off time of 
15-25 seconds alternately with a preset "on" time of 
15-25 seconds. 

15. Apparatus as set forth in claim 13, wherein the 
second timer is a delay timer preset to begin a delay 
count at the initiation of an "on" period of the first 
timer. 

16. Apparatus for supplying intermittent pressure to a 
body compression device for aiding in blood circulation 
comprising: an air compressor capable of generating air 
pressure sufficiently high to inflate the device to above 
30 nun Hg in less than 7 seconds; a downstream balanc- 
ing vent valve having a relief pressure and flow capac- 
ity balanced against the air being supplied to such de- 
vice to maintain a generally constant plateau pressure in 
the device for a period of time while the compressor is 
running; and timing means on the apparatus for signal- 
ing the opening and closing of such balancing vent 
valve. 

17. Apparatus as set forth in claim 16, wherein the 
balance occurs at a pressure in the range of 50 to 70 mm 
Hg. 

18. Apparatus for supplying intermittent pressure to a 
body compression device for aiding in blood circulation 
comprising: an air compressor capable of generating air 
presstu*e substantially greater than the desired peak 
pressure for such device; said apparatus including tim- 
ing means coupled to a downstream balancing vent 
means having a flow capacity and pressure balanced 
against the air being supplied to the device, whereby a 
generally constant plateau pressure is maintained by the 
balanced vent valve while the compressor is simulta- 
neously delivering compressed air to the device. 
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19. Apparatus for supplying intermittent pressure to a 
body compression device for aiding blood circulation 
comprising: an air compressor; a downstream balancing 
vent valve connected between the compressor and de^ 
vice; and timing means to actuate the balancing vent 
valve and also air flow from the compressor to provide 
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a generally constant plateau pressure that varies less 
than 8 mm Hg for a period of more than 10 seconds. 

20. Apparatus as set forth in claim 19, wherein the 
timing means, compressor, and balancing vent valve 
establish a peak pressure in the range of 50 to 70 mm Hg 
(1 to 1.4 psi) within approximately 5 seconds. 

• « * 4e * 
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RULE 1.132 AFFIDAVTT OF ERLING BEKKESTAD REIN 

Erling Bekkestad Rein, being first duly sworn, deposes and says: 
A. Background 

I am Erling Bekkestad Ran. l am a licensed medical doctor in Norway. To earn my 
licensure, I completed six years of medical school at the IFniversity of Oslo and two years of 
hospital internship. While in medical school, I received a scholarship from the Norwegian Army 
to conduct research on cardiovascular physiology in the Department of Physiology at the 
histitute of Basic Medical Sciences. Before medical school, I was a medical officer in the 
Norwegian Army, having graduated from the Norwegian Military Academy. 

Currently, I am pursuing my Ph.D. at the University of Oslo. My thesis is on blood 
circulation and mechanisms in temperature regulation. The main method in my work is 
ultrasound Doppler. Our research group uses modem, non-invasive methods combined with 
advanced data processing techniques in our research. We have focused particularly on the rapid 
responses of the human cardiovascular system to different stimuli and the confrol mechanisms 
underlying these responses. At present, the groiq) is working on the skin circulation and 
temperature regulation, short-term control of the central circulation and blood pressure, and 
muscle blood flow. 
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B. Purpose 

I am submitting this Affidavit to explain the significance of applying pulses of ne^tive 
pressure to a local region of a body at the claimed intervals. 

C. The Claimed Intervals 

The pending claims recite different combinations of intervals. In many claims, negative 
pressure is generated for between 1 and 20 seconds and released for between 2 and 15 seconds. 
Some claims require a smaller range of time for pressure generation, such as between 5 and 1 5 
seconds or for 10 seconds. Likewise, some claims require a smaller range of time for pressure 
release, such as between 5 and 10 seconds or for 7 seconds. 

D. Comparison of the Claimed Intervals to Those of the Cited References 

Applying pulses of negative pressure to a local region of a body at the claimed intervals 
is novel over the cited references. Pulses of negative pressure cause blood vessels to dilate, 
thereby providuig for mcreased blood velocity through those blood vessels. Pulses at the 
claimed mtervals cause optimum blood velocity mcreases over an extended period of tune. The 
following table highlights the relevant pulse mtervals fix)m the cited references, with the first 
column listing the cited reference and the second column providing the negative pressure pulse 
interval disclosed in that reference: 



Cited Reference 


Disclosed Negative Pressure Pulse Interval 


MacLeod (3,292,613) 


Pressure generation and pressure release occur 
for each heartbeat (i.e., approximately every 
second) (column 5, lines 9-20) 


MacLeod (3,094,983) 


Pressure generation and pressure release occur 
for each heartbeat (i.e., approximately every 
second) (colunm 1 , lines 31-33) 


Norton et al (3,878,839) 


Pressure generation and pressure release occur 
for each heartbeat (i.e., approximately every 
second) (column 9, line 63 through column 10, 
line 13) 


Grahn (5,683,438) 


Pressure generation and pressure release occur 
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for each heartbeat (i.e., approximately every 
second) (coluinn 5, lines 33-34) 


McGrath (3,896,794) 


Not applicable because pressure pulses are 
positive (column 4, line 63 through colunrn 5, 
line 2) 


Christoffel (4,186,732) 


Not applicable because pressure pulses are 
positive (column 1, lines 54-68) 



Thus, as is shown, the claimed negative pressure pulse intervals referenced in Section C are not 
disclosed or taught in any of the cited references. 

E. Impact of the Claimed Negative Pressure Pulse Intervals on Blood Velocity 

Applying pulses of negative pressure to a local region of a body at the claimed intervals 
produces remarkable increases in blood velocity witiiin that region. This is shown by an 
experiment conducted by my co-inventors and me in accordance with the invention disclosed in 
the present application. The following sections explain the experiment, provide the resulting 
data, and analyze that data. The results show that applying pulses of negative pressure at the 
claimed intervals has a remarkable impact on blood velocity, while doing so at other intervals 
does not. 

L The Experiment 

Seven patients each placed his/her right arm inside a pressure tube as is shown in 
Figure 1. 
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Figure 1 



Blood velocity, blood pressure, and tube pressure measurements were recorded with a pulsed 
ultrasound Doppler machine. Blood velocity measurements were taken in arteries located at 2 
and 3 for the right arm ("tube-arm") and at 4 and 5 for the left arm ("control-arm"). These 
arteries supply blood to the skin of the lower arms, hi addition, blood pressure measurements 
were taken at location 6, and tube pressure measurements were taken at location L 

2. The Resulting Data 

Figure 2, which includes five plots, shows recordings for one representative patient: 
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Plot 1 shows a recording of one negative pressure pulse applied to the tube. The 

negative pressure pulse falls within the claimed intervals, as negative pressure is 
generated for 10 seconds (seconds 5-14) and released for 7 seconds (seconds 15-21). 

Plot 2 shows the blood velocity of the tube-arm taken on a continuous basis. 

Plot 3 shows the average blood velocity of the tube-arm calculated every second. 

Plot 4 shows the blood velocity of the control-arm taken on a continuous basis. 

Plot 5 shows the average blood velocity of the control-arm calculated every second. 
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Figure 3A shows average recordings for all seven of the patiaits when subjected to tlu-ee 
types of negative pressure: (1) no negative pressure, (2) constant negative pressure, and (3) 
pulses of negative pressure falling within flie scope of the present application's pending claims: 
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Figure 3A 
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For each type of pressure, measuremaits were taken of the tube pressure, the control-arm 
average blood velocity, and the tube-arm average blood velocity. The blood velocities are shown 
in comparison to a baseline blood velocity designated 1 .0. As can be seen. Hie lower portion of 
Figure 3 A magnifies a period of time when the patients were subjected to a full pulse of negative 
pressure falling within the scope of the presait application's pending claims. 

Figure 3B provides a magnified view of two important average recordings of Figure 3 A: 



Start constat Pulsating 




0 20 60 iSSr 

Time (sec) Time (sec) 

Figure 3B 

The left column shows tube pressure and tube-arm average blood velocity when exposed to 
constant negative pressure. The right column shows those same measurements when exposed to 
pulses of negative pressure falling within the scope of the present appUcation's pending claims. 

5. Analysis 

The results of our experiment show that when applying pulses of negative pressure, doing 
so at the claimed intervals has a remarkable impact on blood velocity while doing so at other 
intervals has no appreciable impact. Comparing plot 3 with plot 5 of Figure 2 demonstrates the 
remarkable inapact that the present invention has on blood velocities. 
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As can be seen, while the control-ann's average blood velodty hovers around 0.04 m/s, tiie tube- 
arm's average velocity increases to nearly 0.16 m/s— a nearly 400% increase! Moreover, the 
tube-arm's average blood velocity remains greater than that of the control-arm for the entire 
duration of pressure generation, as opposed to spiking up to a maximum level and quickly 
returning to normal. 

The longer-term benefits are confirmed by viewing the lower portion of Figure 3 A: 
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As can be seen, average blood velocity in the tube-arm is increased during pressure generation 
(Al) and decreased during pressure release (A2). But, as can also be seen, Al is substantially 
greater than A2, meaning that the net impact of one pressure pulse is a substantial increase in 
average blood velocity. In fact, we have estimated the net increase in blood velocity to be 
greater than 50%. 

In contrast, plot 3 of Figure 2 illustrates how applying a negative pressure for too short a 
duration misses the benefits associated with the present invention. 
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Under the conditions of our experiment, the average blood velocity in the tube-arm increased 
sharply during the first 4 seconds of negative pressure and remained higher than that of the 
control-arm for the next 6 seconds. During this period, the heart contracted 4-6 times. These 
numbers will vary under other conditions disclosed in the present application. Removing the 
negative pressure too soon does not allow blood velocity to build up to the point where benefits 
are realized. The blood vessels do not have time to adjust to the change in presspre. 
Accordingly, negative pressure must be applied for at least a fijll second in order to reap the 
benefits associated with the present invention. 

Likewise, Figure 3B illustrates how applying negative pressure for too long a duration 
misses the benefits associated with the present invention: 
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Under the conditions of our experiment, after negative pressure has been applied for roughly 10 
seconds, the average blood velocity falls below the baseline, indicating decreased blood velocity. 
The average blood velocity then remains lower than the baseline until the pressure is released. 
These numbers will vary xmder other conditions disclosed in the present application. The reason 
for this decrease is that continuous negative pressure triggers a reflex that causes the arterioles to 
constrict, thereby significantly decreasing blood velocity. Accordingly, negative pressure should 
not be applied for more than 20 seconds in order to reap the benefits associated with the present 
invention. 

F. ArticlePublishedintheBritish Journal of Anaesthesia 

Attached as Exhibit 1 to this Affidavit is a true and correct copy of an article published in 
the British Joumal of Anaesthesia on January 26, 2007. The article is titled "Hypothermia 
During Laparotomy Can Be Prevented by Locally Applied Warm Water and Pulsating Negative 
Pressure.*' I am the first author listed in the article. This article discusses fiirther experiments 
that confirm that applying negative pressure pulses to a local region of a body produces 
remarkable increases in blood velocity in that region. 

G, Contract with the U,S. Navy 

hi November of 2006, my company, Thermonor AS, entered into a contract with the U.S. 
Navy under which we will deliver five commercial embodiments of the present invention to the 
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U.S, Navy for evaluation. In exchange, wc will receive $500,000. The United States Congress 
appropriated the funding in the 2007 Defense Appropriations BilL 

H. Conclusion 

For the reasons set forth above, applying pulses of pressure to a local region of a body at 
Ihe claimed intervals distinguishes the pending claims over the cited references and produces 
remarkable increases in blood velocity in the relevant Jocal region. 



Eriing BekKestad Rein 




STATEMENT BY WITNRSS I* Oft KftLYNC BETtOKESTAP REIN 

^ M^TTe 4if^f^^g<i^:P^ r^o M:>P-±npr whose 

full post office address is -HA&A ^ 6^<2> 90 "PV^^ g ^ tsiO ^^UJf^V 

— ^ ' was personally 

present and did see Eriing Bckkestad Rein, who is known to me, execute the above affidavit. 



(Signature of 



"Signature of Witness) 
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L . Advance Access published January k , 2007 

British Journal of Anaesthesia Page 1 of 6 
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Hypothermia during laparotomy can be prevented by locally 
applied warm water and pulsating negative pressure 

E. B. Rein^ * \ M. Filtvedt^ \ L. Wall0ei and J. C. Rseder^ 

^Department of Physiology, Institute of Basic Medical Sciences, University of Oslo, N-0317 Oslo, Norway, 
Department of Anaesthesiology, Ullevdl University Hospital, University of Oslo, N-0407 Oslo, Norway 
^Corresponding author: E-mail: €.b,rein@medisin,uio.no 

Background. Confliaing results have been obtained when using heat and constant negative 
pressure applied to the arm to induce re-warming in patients with mild hypothermia due to 
surgery. We hypothesized that pulsating negative pressure would increase skin blood flow and 
thus heat transfer. The purpose of this study was to compare a new method of applying heat 
and pulsating negative pressure to the skin with conventional forced-air vwirming for preventing 
perioperative hypothermia. 

Methods. Twenty patients undergoing prolonged laparotomy for gastric surgery were ran- 
domized into two groups. One group (SM) received hospital standard method: forced-air 
warming, 43°C (Bair Hugger®) on the thoracic and upper arm surface. The other group (NM) 
received the new method: warm water and pulsating negative pressure treatment applied in a 
transparent acrylic cylinder (50x 16 cm) on one arm. The cylinder was circulated with water at 
42.5°C, leaving an air pocket inside the device. Pulsating pressure between 0 and -40 mm Hg 
was generated in the air pocket inside the cylinder. 

Results. Two groups of 10 patients were studied. Warming was started shortly after induction 
of general anaesthesia. The two methods performed similarly during the first 60 min, with a 
mean 0.7° decrease in core temperature. The tympanic temperature curve in NM group then 
increased and returned to baseline (37''C) by 120 min. The temperature of SM group increased 
more slowly» reaching 36''C by 120 min (P<0.05). 

Conclusion. Warm water and pulsating negative pressure was significantly better at treating 
hypothermia during laparotomy than forced-air warming. 

Br J Anoestf? 2007 

Keywords: equipment, warming devices; hypothermia; surgery, laparotomy; temperature, 
body 

Accepted for publication: November I, 2006 



Mild hypothennia both during and after laparotomy has 
several adverse effects.^ ^ Various non-invasive methods 
have been tried to prevent and treat mild perioperative 
hypothermia. As most metabolic heat is lost thraugh the 
skin surface, active cutaneous heating is the main principle 
of most devices. Circulating-water mattresses, forced-air 
warmers, resistive heating, and radiant warmers are all in 
clinical use.^ ^ Recently, systems using a combination of 
heat and mild constant negative pressure to increase the 
cutaneous blood circulation have been proposed. Recovery 
from mild hypothermia has been shown to be moderately 
accelerated by this method."^'^ The mechanism is claimed 
to be that mechanical distension of peripheral vessels over- 
rides thermoregulatory vasoconstriction,^ thus improving 
the transfer of heat from the external source to the 



peripheral blood and thence to the core of the body. 
However, further studies showed no effect of negative 
pressure in this context* A possible explanation of this is 
provided by the finding that continuous negative pressure 
reduces blood flow locally via the veno-arterial reflex, 
which causes arterial vasoconstriction in response to the 
distension of venous vessels,^ We hypothesized that pul- 
sating negative pressure would perform better by increas- 
ing blood flow and heat transfer. In this clinical study, we 



^Declaration of interest. According to University Innovation policy, a 
patent was filed in connection with the development of the apparatus 
used in this study (UK). Later, patents were filed in several other 
countries, inducting Europe and USA. A limited liability company in 
Norway, Thermonor, is pursuing the commercial interests. E. B. Rein and 
M. Fiitvedt have commercial interests in an eventual product. 
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have tested the hypothesis that negative pulsating pressure 
and warm water applied locally could effectively reverse 
perioperative hypothermia. A well documented, efficient 
forced air-warming system, that is. Bair Hugger®, was 
used as a comparator. 

Materials and methods 

The study was carried out at the main operating theatre at 
Ulleval University Hospital. The regional ethics commit- 
tee approved the study, and written informed consent was 
obtained from all patients. All equipment used in this 
study met the criteria laid down by the Norwegian 
Directorate for Civil Protection and Emergency Planning 
and was also approved by the Department of Electro- 
Medical Equipment at Ulleval University Hospital. 

Subjects 

Patients who were to undergo laparotomy for major 
abdominal surgery were asked to participate in the study. 
Each operation was expected to last for at least 2 h. All 
patients were fasted from midnight the day before. Criteria 
for exclusion were skin lesions on the right arm, vascular 
diseases, diabetes, fever, arthritis, and rheumatic diseases. 
The patients were randomized into two groups by a com- 
puter program (Microsoft® Office Excel). One group of 
patients received treatment with locally applied warm 
water and pulsating negative pressure, called the new 
method (NM). The other group was treated using the 
Department's normal method, which was forced-air 
warming using warm air blankets. This was called the 
standard method (SM). 



Experimental design 

Patients treated with NM rested in the supine position on 
the operating table. The right arm was abducted 70-90° 
and positioned inside a custom-built tube-shaped transpar- 
ent Plexiglass chamber, 50x16 cm (Figs 1 and 2). 
The chamber was sealed to the proximal part of the arm 
by a neoprene collar, which was attached to an adapter 
(10x16 cm). An elastic rubber sleeve ran from the proxi- 
mal neoprene collar to the Plexiglass cylinder making the 
tube watertight. Warm water at 42.5°C was circulated 
between the cylinder and a thermostat-regulated water- 
bath. The water-bath was connected to the chamber by 
two insulated latex hoses. A peristaltic pump circulated 
the water at 3.5 litre min"^ Two independent alarm 
systems were attached to prevent accidental overheating. 
The chamber was three-quarters full of water, leaving an 
air pocket from which the air could be evacuated to give 
negative pressure. The pressure inside the chamber was 
pulsated between 0 (=ambient pressure) and -40 nam Hg. 
The chamber was connected to an adjustable medical 
suction device. A pair of computer-controlled magnetic 
valves were connected between the chamber and the 
suction device. A computer program controlled the 
opening and closing of the valves. When a magnetic valve 
opened, air was evacuated by the suction and pressure fell 
inside the tube. After 10 s the valve was closed, another 
valve opened, and air from the surroundings could freely 
pass into the tube for the next 7 s as pressure rose back to 
atmospheric pressure. The pressure inside was measured 
continuously. The pressure waveform had a saw tooth 
shape. The cycle of 10 s on and 7 s off was based on 
empirical data from pilot studies. 




Fig 1 Cylindrical transparent Plexiglass chamber (50x16 cm), sealed to the upper arm by a neoprene collar attached to an adapter (10x16 cm). An 
elastic rubber sleeve ran from the proximal neoprene collar to the Plexiglass cylinder making the tube watertight. 
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Table 1 Comparison of the two groups, NM and SM. n=10 in each group. 
Data are median (range) or mean (so) 



Variables 



New method 



Standard method 



Fig 2 Picture taken from head-end of operating table showmg new 
method used on patient: Plexiglass cylinder on patient*s right arm. Hoses 
for evacuation of air (top) and circulating water (end) attached to 
cylinder. The Ariaesthesiologist is covering patient's face. (Photograph 
reproduced with the patient's permission.) 



The SM group received the hospital's standard treat- 
ment, forced-air warming, using Bair Hugger® warm air 
blankets. The blankets covered the thorax and abdomen 
above the incision, both arms, neck, and sometimes the 
legs if practical. The anaesthetic personnel operated this 
system and were instructed to prevent hypothermia accord- 
ing to hospital standards and to follow their normal 
routine. This is to use forced air at 43°C and maximal air 
flow until normothermia is re-established. 

All i.v. fluid was pre-heated to 37°C in a heating 
chamber before infusion, as was fluid for peritoneal 
lavage. Blood was warmed during infusion with a blood 
warmer. Swabs were pre-heated in a liquid water-bath, 
holding 37°C. This is standard procedure and was identical 
in both groups. The operating room temperature and 
humidity was set centrally for entire theatre wing and 
measured locally and noted regularly during surgery 
(Table 1). Active warming with SM or NM was started as 
soon as possible after induction of anaesthesia. 

Measurements 

The core temperature was measured contmuously using a 
tympanic probe^^ (Exacon, model 8940, Denmark) starting 
before induction of anaesthesia, and data were fed online to 
a computer and recorded at 2 Hz. To standardize the 
measurements as far as possible the probe was inserted by 
the same person every time. The probe was securely 
fastened to the ear and neck with adhesive plaster to avoid 
movement of the probe during patient handling. Cotton was 
inserted into the distal 1-2 cm of the extemal ear canal to 
isolate the probe and prevent au* from the surroundings from 
interfering with the readings. Because measurements were 
made continuously and displayed real-time on a computer 
screen, any sudden non-physiological change in temperature. 



Subjects 
Age (yr) 
Weight (kg) 
Height (cm) 
BMI (kg m~^) 
Operation method 
Laparatomy 
Additional thoracotomy 
Operation variables 
Core temperature before 

anaesthesia (°C) 
Total duration of surgery (h) 
Total duration of anesthesia (h) 
Time from anaesthesia to 

wanning (min) 
Room temperature CC) 
Room humidity (%) 
Haemoglobin (g dl"^) 
Fluids given i.v. (ml)* 
Diuresis (ml) 
Blood loss (ml) 
Peritoneal lavage (litre) 



70(41-81) 
70.20 (1 1.49) 
1.75 (0.09) 
23.0 (18.3-26.4) 



63 (43-87) 
66.67 (16.19) 
1.68(0.08) 
21.0 (18.3-36.1) 



10 


10 




2 


36.7 (36.4-37.0) 


36.9 (35.8-37.0) 


2.9 (1.4-6.8) 


2.7(1.3-4.83) 


3.9 (2.2-6.8) 


3.7 (2.3-6.0) 


20(10-45) 


30 (20-75) 


22(21-24) 


21.0 (20-22) 


39 (31-55) 


42 (32-66) 


13,9(10.3-15.8) 


13.3(10.3-15.2) 


5750 (3500-10 650) 


5800 (4300-8300) 


303(0-1063) 


244(0-1175) 


475 (150-2500) 


500(200-1140) 


2(1-2) 


2 (0-3) 



"Ringer acetate, Makrodex, Haemaccel, Voluven, NaCl, SAG. Haes. 



for example, if a probe was pulled away from the tympanic 
membrane was seen and corrected. In addition, oesophageal 
and rectal temperature probes were used when possible to 
confirm the readings of the tympanic probe. 

Data analysis and statistics 

Because the surgical equipment generated some electrical 
noise, the continuous data from the tympanic temperature 
were manually read and edited after the study. The tempera- 
ture was noted at 10 min intervals for analysis. The primary 
endpoint was the tympanic temperature at 120 min. The 
changes in tympanic temperature between baseline (at 
induction of anaesthesia) and 120 min (Ar after 120 min) 
were compared between the two groups. The differences in 
temperature change between the groups at 60 min after 
induction of anaesthesia (Ar after 60 min) were also calcu- 
lated. The Wilcoxon two-sample test was used to test for 
significant differences in Ar between the two groups. Even 
though the patients were randomized to the two treatment 
groups, possible differences in patient characteristics and 
other confounding factors were tested by a post hoc step- 
wise multiple linear regression analysis. All anthropometric 
variables and all variables from Table 1, in addition to the 
warming method, were possible explanatory variables in the 
analyses and Ar was the dependent variable. All the ana- 
lyses were performed using the statistical program SPSS. 
Differences were considered significant at P<0.05. 



Results 

Three patients whom we approached refused to participate 
in this study. Twenty patients, 9 females and 11 males 
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agreed to take part. Patient characteristics, type of oper- 
ation, and operation variables are listed in Table 1. There 
was a gender difference between the two groups. In 
the NM group, there were three female patients age 
[median (range)] 73 (70--81) yr and seven male patients 
age 73 (70-81) yr. In the SM group, there were six 
female patients age 57.5 (43-87) yr and four male patients 
age 77 (63-78) yr. Active warming started on average 
10 min later in the SM group, and lasted for 175 (range 
130-280) min in the NM group, as compared with 246 
(range 130-350) min in the SM group. Warming was 
shorter in the NM group because the warming device had 
to be turned off to prevent over-heating of patient. 
Duration of anaesthesia and surgery was similar in the two 
groups (Table 1). 

The new method resulted in significantly faster 
re-establishment and maintenance of body temperature 
than the standard method after 120 min. Stepwise multiple 
linear regression showed that the only significant variable 
in addition to the warming method was patient height. AT 
decreased by 2°C for each metre increase in height 
(P=0.036). When the results were adjusted for this vari- 
able, the difference in AT between the two methods 
increased from 0.92°C to 1.00°C. 

Figure 3 shows averaged normalized values for both 
groups. The highest registered starting temperature in 
each group was 37.0''C, and the two groups were there- 
fore normalized by addition, making all experiments start 
at 37.0°C. In the NM group, the mean temperature 
initially decreased by 0.7°C in the course of 50 min, 
before increasing and returning to the starting value after 
130 min. In the SM group, the temperature decreased TC 
beyond 80 min and then remained stable at this level 
throughout the operation. 



37.5 1 




35.5 -J — — — . , , ^ 

0 20 40 60 80 100 120 

Time (min) 



Fig 3 Averaged normalized tympanic temperatures from both groups. 
The graphs are normalized by adding, making all experiments start at 
37.0°C. Induction of anaesthesia is at Omin. Error bars are plus and 
minus one standard enor. . 



Discussion 

The main finding in this study is that locally applied warm 
water and pulsating negative pressure is significantly better 
than the Bair Hugger® forced-air warming system in 
preventing and treating mild perioperative hypothermia 
during abdominal surgery. Abdominal surgery is known to 
cause mild hypothermia, probably because of the pro- 
longed duration of surgery, the large incision required and 
the frequent use of peritoneal lavage.*^ Most of our 
patients were operated on as part of cancer treatment. 
These patients are often elderly, a patient group which is 
known to be prone to hypothermia,'^ In our study, the 
median ages were 70 yr in NM group and 63 yr in SM 
group. We would have expected our patients to suffer from 
mild hypothermia if no treatment had been given. 

Without treatment, intraoperative hypothermia develops 
in three phases.* In phase 1, hypothermia results from a 
core-to-peripheral redistribution of heat after induction of 
general anaesthesia (GA) and subsequent inmiediate vaso- 
dilatation. General anaesthesia also reduces the threshold 
for cutaneous heat-loss protective vasoconstriction to a 
level below current body temperature leading to dilation of 
arterioles and AV-anastomoses. This produces a decrease 
in body core temperature of approximately 1.5°C within 
the first hour if unopposed. In phase 2, the core tempera- 
ture decreases linearly, but at a slower rate, because body 
heat loss exceeds heat gain. In phase 3, after 3-5 h of 
anaesthesia, heat loss equals heat gain. A stable plateau 
with core temperatures about 2-3°C below baseline is 
usually reached, depending on the temperature in the 
environment and how well the patient is protected from 
heat loss. In our study, both groups showed an initial 
decrease in core temperature (AT). None of the patients 
were pre-heated, and therefore, the temperature decrease 
was expected. The temperature decrease in the SM group 
was O.S'^C larger and a nadir was reached 30 min later at 
1.0°C below baseline levels. There may be several differ- 
ent explanations for this. Warming was started 10 min 
later in the SM group, allowing the temperature to 
decrease further than in the NM group before warming 
could take effect. The reason for this delay was washing 
and draping of the surgical field before the airflow blan- 
kets could be applied. Airflow blankets ideally need to 
cover as close to the surgically washed and draped field of 
the abdomen as possible in order to utilize a maximum 
area of skin exposure for best effect. This conflict with 
sterile draping and delay in application is not present for 
the NM group during laparotomy when an arm is used for 
heat application. This practical aspect was also illustrated 
by coincidence in our study as two of the patients (in the 
NM group) needed extension of the surgical field into 
thorax. However, both methods were equally easy to start 
and operate. In both groups, the average temperature 
decreased at about 0.8°C h~\ thus a 10 min delay would 
equal a decrease in temperature of just under 0.2°C. 
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Another explanation of difference in temperature decrease 
could be the modest difference in BML Preoperatively. a 
patient with a high BMI tends to be more vasodilated than 
a patient with a low BML This is due to the insulating 
effects of fat tissue, which makes the dissipation of heat in 
adipose people dependent on high skin blood flow. This 
decreases the core-to-peripheral temperature gradient and 
results in a smaller decrease in temperature during phase 1 
of perioperative hypothermia. However, the stepwise mul- 
tiple linear regression analyses did not identify BMI as a 
significant variable for the differences in core temperature 
after 120 min. There was also a gender difference between 
the two groups, with more females, and a wider age range 
(43-87 yr), in the NM group. Several studies on human 
temperature regulation have shown gender differences,^^ 
These studies are mainly on eumenorrheic women. Not 
many studies have been performed on gender differences 
in the older population during perioperative hypothermia. 
A study on subjects that were awake showed that all ther- 
moregulatory response thresholds, that is, sweating, vaso- 
constriction, and shivering, were 03°C wider in women.^^ 
A study on thermoregulatory vasoconstriction during 
nitrous oxide/isoflurane anaesthesia showed a lower 
threshold for elderly patients, but no gender difference.^ 
Our regression analysis did not reveal an effect of age or 
gender. However, the small sample size means that this 
analysis had limited power. The last, and most obvious, 
explanation for the difference in temperature decrease 
between the two groups is a difference in efficacy between 
the two wanning methods. The NM brought the core 
temperature in all patients back to baseline levels. In the 
SM group, the average core temperature reached a plateau 
at 1.0°C below baseline level. This is still better than 
expected without any treatment, confirming that forced-air 
warming does have an effect. 

Forced-air warming has been extensively tested,^ ^ ^^"^^ 
and is now the preferred warming system in many hospitals.^ 
During laparotomy, a large section of the abdominal skin 
surface is unavailable for forced-air heating, in addition to 
the part of the patient that is in contact with die operating 
table. The efficacy of the forced-air warming system is 
dependent on a large skin surface for heat transfer. In 
addition, heat uptake is dependent on skin blood flow in the 
heated area. Another limiting factor is the thermal conduc- 
tivity of air, which is low, 0.025 (W m"^ °C"^). 

There may be several explanations for the efficacy of 
the NM. The use of water increases heat transfer because 
the thermal conductivity of water (0.600 Wm~^ °C~^) is 
25 times higher than that of air. Water also connects better 
with the skin, entering every fold and groove. Finally, and 
perhaps most important, the pulsating negative pressure 
probably increases blood flow. A pilot study done in our 
laboratories, using the ultrasound Doppler method, showed 
that local blood flow could be increased by at least 43% 
by pulsating the negative pressure in the same manner as 
done in our study. The increase in blood flow can be 



explained by an increase in the pressure difference 
between the arterial and venous system and by avoidance 
of the veno-arterial reflex, which constricts the arterioles 
when the veins are distended.^ An additional feature 
may be pooling of blood in the veins, bringing more blood 
closer to the surface for heat exchange. 

In conclusion, the new method using warm water and 
pulsating negative pressure was significantly better in pre- 
venting and reversing hypothermia during laparotomy than 
forced-air warming (Bair Hugger®), 
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